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ABSTRACT
The Southern Amargosa Desert is the sink of three 
ground-water flow systems which discharge approximately 
23,500 acre-ft./year within the basin and another 5,500 
acre-ft./year as underflow from the desert. Areal dis­
tribution of hydrostratigraphy, hydrochemistry, ground- 
water potentials, and sources and sinks are used to delin­
eate flow systems within the desert.
Paleozoic carbonate rocks are known to be aquifers 
where sufficiently fractured. Intense fracturing of Paleo­
zoic carbonate rocks east of Ash Meadows is related to 
gravity sliding along incompetent shale units of the Car­
rara Formation. High secondary permeability in carbonate 
rocks east of Ash Meadows are believed to be the result 
of gravity sliding.
Tertiary sediments within the Amargosa Desert are 
commonly aquitards. Structural deformation and subsequent 
burial of Tertiary sediments by Pleistocene sedimentation 
has resulted in a ground-water barrier to flow in the 
alluvial aquifer of the Southern Amargosa Desert,
Surficial exposures of late Pleistocene sediments 
indicate a complex depositional history of clays and marls
iii
related to ground-water discharge. Normal faulting along 
the east side of Ash Meadows has resulted in the juxta­
position of the carbonate aquifer with Tertiary and Pleisto 
cene sediments. Ground-water discharge at Ash Meadows is 
the result of this permeability contrast.
Potentiometric, hydrochemical, and hydrostratigraphic 
data indicate that large springs at Ash Meadows are re­
charged from the higher carbonate ranges to the northeast.
A body of ground water containing low dissolved solids and 
possessing a sodium bicarbonate character occupies the 
Central Amargosa Desert. This water is related to a flow 
system which is recharged in the Fortymile Canyon drainage 
area and which discharges on the west side of Carson Slough 
north of the state line. Ground waters in the East Cen­
tral and West Central Amargosa Desert are chemically dis­
tinct from either the discharge at Ash Meadows or the 
Central Amargosa Desert. Ground water in the West Central 
Amargosa Desert is believed to originate in the Pahute 
Mesa flow system and discharge in Death Valley and in the 
Southern Amargosa Desert, Minor flow systems exist (1) 
in the Northeast Central Amargosa Desert, (2) as underflow 
through the alluvial aquifer from Steward Valley, and (3) 
as perched systems. The final evapotranspiration sink of 
all flow systems within the Amargosa Desert is found in the 
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INTRODUCTION
The Southern Amargosa Desert is in Nye County, Nevada, 
and Inyo County, California, between 116° 15’ and 116° 45' 
west longitude. The area is bounded by the Funeral 
Mountains to the west, the Resting Springs Range to the 
south, the unnamed range between Ash Meadows and Pahrump 
Valley to the east, and Jackass Flats to the north (Figure 
1). The Amargosa River transects the desert from northwest 
to southeast and is the major surface water drainage within 
the region. Major tributaries to the Amargosa River are 
Fortymile Wash, Rock Valley Wash, and Carson Slough. All 
drainages are ephemeral except where ground-water barriers 
cause perennial surface flow to occur.
Numerous discharging springs and a flora assemblage 
related to ground-water discharge are found within the 
Southern Amargosa Desert. The largest springs are located 
at Ash Meadows, a small subbasin within the Amargosa Desert 
(Figure 1). Ash Meadows is named for and is the type local­
ity of a species of ash tree which grows in abundance around 
springs and seeps (Merrian, 1893). These large springs 
sustain an unusually large flora population which otherwise 
could not exist in the arid Southwest.
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Within the Ainargosa Desert topographic basin, precip­
itation is scarce and varies with season. At Lathrop Wells, 
in North Central Ainargosa Desert, summer and winter normal 
precipitation are 0.68 and 2.46 inches, respectively. In­
vestigations by Quiring (1965) indicate that significantly 
less winter precipitation occurs in the Amargosa Desert than 
points eastward. Quiring (1965) concludes that this dis­
parity is the result of a rain shadow created by westward 
movement of winter storms over the Sierra Nevada Mountains. 
Summer precipitation, in the form of thunderstorms, enters 
the desert from the south and southeast and leaves in an 
easterly direction. As a result of this arcuate path, 
eastern areas of Nevada receive more summer precipitation 
than western areas. Thus, storm patterns represent a pri­
mary limiting factor on the quantity of precipitation which 
the area receives.
Loeltz (1960), noting the extreme aridity of the 
Amargosa Desert, proposed that recharge for the large spring 
discharge at Ash Meadows originates outside of the topo­
graphic basin. Winograd (1971) not only substantiates this 
postulate, but also tentatively defines the recharge area 
(also Winograd et al., 1971). Thus, the essential compon­
ents of the flow system maintaining the large springs at 
Ash Meadows have been identified. This report represents an 
attempt to investigate in a comprehensive manner the hydro­
geology of the discharge zone of this flow system, and to a
lesser extent, the hydrogeology of smaller flow systems 
within the Amargosa Desert.
Within the stated objectives, three areas of investi­
gation are emphasized. An attempt is made to place in 
perspective the relationship between the Ash Meadows flow 
system and genesis of Pleistocene sediments at Ash Meadows. 
The hydrostratigraphic significance of geologic rock units 
is a second point stressed in this report. A third area
of concern is the delineation of flow systems within the
/Amargosa Desert. Delineation of flow systems is based upon 
hydrostratigraphic, hydrochemical, ground-water potential, 
and source-sink evidence cited in previous reports and from 
intensive field investigation by the author. The discussion 
of flow system delineation is covered in the Hydrogeology 
Section of this report, which is a summary of preceding 
discussions on hydrostratigraphy and hydrochemistry.
A total of six months was spent on data collection in 
the field during the summers of 1971 and 1972. Laboratory 
analyses of rock and water samples were performed by per­
sonnel of the Desert Research Institute, Nevada Bureau of 
Mines and Geology, and by the author.
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GEOLOGY AND HYDROSTRATIGRAPHY
Precambrian and Paleozoic Geology
The late Precambrian and Paleozoic sediments in the 
Southern Amargosa Desert are genetically related to forma­
tion of the Cordiileran Miogeosyncline in Eastern Nevada.
In late Precambrian time, as the geosyncline began to form, 
clastic sediments derived from flanking metamorphic terrains 
to the east began to fill the basin. Argillites, arenites, 
subgraywackes and occasional dolomites were deposited over 
older metamorphic rocks. Dominantly clastic sedimentation 
continued until Early Cambrian time, when a transition, re­
presented by the Carrara Formation, to carbonate sedimenta­
tion occurred. Carbonate sedimentation, with two notable 
exceptions, was the major depositional mode in the mio­
geosyncline throughout the remainder of the Paleozoic 
(Steward, 1964; Roberts, 1964).
Major deposition of post-Cambrian elastics occurred 
in the Ordovician and Mississippian Periods. The Ordovician 
Eureka Quartzite has a maximum thickness of 485 feet in the 
Northeastern Amargosa Desert and thins eastward (Burchfiel, 
1964). Regional clastic sedimentation also occurred 
following the Late Devonian Antler Orogeny. This sedimen­
tation, resulting in a section 7,700 feet thick at the
rD
Nevada Test Site, was derived from a highland to the west 
and thins eastward. At the Nevada Test Site, where the 
section is dominantly clastic, these sediments are referred 
to as the Eleana Formation of Late Devonian and Mississip- 
pian age (Roberts, 1964; Cornwall, 1972). Contemporaneous 
deposition of limestones east of the Nevada Test Site, in 
the Northern Spring Mountains, and east of Ash Meadows 
(Johnson and Hibbard, 1956) indicate that the miogeosyncline 
was active in other parts of Eastern Nevada.
In summary, Late Precambrian and Paleozoic stratigraphy 
in the Southern Amargosa Desert represents deposition by 
transgressing seas in an ancient miogeosyncline. This trend 
has superimposed on its various fluctuations associated with 
tectonism and epeirogeny which have caused minor deviations 
from carbonate sedimentation. The trend was terminated 
abruptly by the Sonoma Orogeny of Late Permian age (Roberts, 
1964) .
A detailed description of the Precambrian and Paleozoic 
Stratigraphy immediately east of Ash Meadows is to be found 
in the Appendices of this report.
Precambrian and Paleozoic Hydrostratigraphy
Winograd et al. (1971) have analyzed the large bulk of 
data gathered by the United States Geological Survey since 
1957 in order to evaluate ground-water contamination by 
underground nuclear testing at the Nevada Test Site. In the
7
process, they have obtained a thorough understanding of the 
■aquifer characteristics of Precambrian and Paleozoic geo- 
cynclinal sediments throughout the region. This knowledge 
was obtained from intensive inspection and evaluation of 
outcrops, cores, drilling records, geophysical logs, drill 
stem test, and pump tests.
Significant among the results was the conclusion that
permeability and porosity are largely controlled by the
character of secondary fractures in different lithologies.
In particular, Winograd et al. (1971. p. 118) note:
. . . the mode of deformation of some of the 
clastic rocks differs significantly from that of 
the carbonate strata. Siltstone, shale, and sand­
stone commonly exhibit tight folding, slaty (sic) 
cleavage, and shearing in outcrop, whereas car­
bonate rocks and quartzites, though highly 
fractured, tend to form relatively broad folds.
The difference in mode of deformation is probably 
due to differences in the strength of the rocks.
The dense carbonate and q.uartzitic rocks respond 
to stress as a brittle solid, at least under 
relatively shallow overburden? on the other hand, 
the more porous finer-grained rocks tend to deform 
plastically.
Thus, for quartzitic and carbonate rocks, there exists the
potential to form clean, open fractures. Argillaceous
sediments, due to their mode of failure, are unlikely to
do so, as pointed out by Winograd et al. (1971, p. 120):
The potential hydrologic significance of plastic 
deformation of siltstone and shale is twofold.
First, in these rocks the fractures formed during 
folding or faulting tend to be sealed by the same 
process that formed them. Second, whenever quart­
zites are interbedded with argillaceous strata, as 
is common in parts of the Stirling Quartzite and
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the Wood Canyon Formation, open fractures tend to 
be isolated or even sealed by the plastic deforma­
tion of the weaker strata.
In addition to the above, Winograd et al. (1971) also 
note a distinction between carbonate and quartzitic rocks 
in that carbonate rocks exhibit some interconnected solution 
porosity which is not present in quartzitic rocks. This 
secondary porosity is in the form of partially filled 
fractures which contain thin coatings of calcite or dolomite
on open fracture planes, or as fractures filled with vuggy
/
calcite and dolomite veinlets. From examination of numerous 
cores, it was considered that this porosity was the result 
of solution of carbonate filled veinlets, or solution along 
fractures with subsequent minor precipitation of carbonate 
coatings. Solution was found to be better developed in 
limestone than dolomite, while stress fractures were best 
developed in finer-grained limestones. The more difficult 
solution of siliceous rocks is the apparent reason for the 
lack of development of solution porosity in quartzitic 
rocks.
Five wells at two different locations, one in Southern 
Yucca Flat and the other in Eastern Amargosa Desert, pene­
trate the upper plate of low angle thrust faults. The 
transmissivity of carbonate rocks composing the upper plate
is, as a median value, greater than those measured under
5other circumstances, and is on the order of 10 gpd/ft 
(Winograd et al., 1971, Table 3; Johnston, 1968).
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The significance of these wells is twofold: First, 
as suggested by Winograd et al. (1971) klippens throughout 
the region are highly fractured; the high transmissivity of 
klippens consisting of carbonate rocks is indicative of 
secondary fracture permeability. Johnson (1968) substan­
tiates this deduction in his report of the tracer wells 
(16/51 27ab) in the Eastern Amargosa Desert. The thrust 
plane encountered by these wells is a low angle fault be­
tween the Bonanza King Formation and the limestone of the 
Carrara Formation. In the highly fractured dolomite of the 
upper plate and along the fault plane itself, high yield 
aquifers were encountered. Below the fault no water would 
enter the limestone during constant rate injection tests.
Because the above aquifers are the result of a specific 
kind of tectonic stress, the second appraisement of these 
wells is that high secondary permeability may be the result 
of specific types of tectonic stress. In addition to 
klippens, Winograd et al. (1971) also demonstrated that 
other high yield wells in carbonate terrain have been 
drilled in highly fractured rocks of fault zones.
In summary, the Winograd group found that porosity and 
permeability in pre-Cenozoic rocks are probably related to 
the formation of open stress fractures, with some secondary 
solution in carbonate rocks. These fractures are open to 
depths of 4,200 feet below land surface, indicating that
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static loading does not appreciably affect permeability 
(Winograd et al., 1971). No evidence was found for large 
interconnected solution cavities or extensive interstitial 
porosity and permeability. Argillaceous sediments, or 
brittle units interbedded with argillaceous sediments, 
were found to be relatively impermeable.
Although essentially no investigations of the older 
Precambrian metamorphic complexes have been initiated within 
the region, for the purposes of this report their aquifer 
characteristics will be considered essentially the same as 
the argillaceous sediments because of their schistose nature. 
This assumption is not completely without justification, as 
evidenced by small springs in the metamorphic complex of the 
Northern Funeral Mountains. These springs plausibly owe 
their existence to small, saturated zones which are perched 
in or above the Precambrian metaquartzites. The meta­
quartzites, commonly possessing a micaceous schistosity, 
probably resist downward passage of scanty precipitation 
and accommodate accumulation of recharge in near surface 
fracture, weather, and rubble zones. In any case, outcrops 
of these rocks are of minor areal extent when compared to 
previously mentioned late Precambrian and Paleozoic sedi'-' 
merits.
Winograd et al. (.1971) arbitrarily chose a specific 
capacity of 0.01 gpm per foot of drawdown for 1,000 feet
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of saturated reck as a means of dividing aquifers from 
aquitards. Although this is an effective device, the 
author prefers another definition of hydrostratigraphic 
units. G. B. Maxey (1964) has outlined a comparative method 
of defining aquatards and aquifers which allows for a value 
judgment to be made whenever different lithologic units are 
in juxtaposition. Thus, whenever Precambrian and Early 
Cambrian argillaceous units are in horizontal or vertical 
juxtaposition with Paleozoic carbonates, the latter, which 
are the better transmitters of ground water, are to be 
considered aquifers and the argillites would be aquitards.
In this report, all carbonate rocks younger than the Early 
Cambrian clastic sediments of the Carrara Formation will be 
referred to as the "! carbonate aquifer" and, as essentially 
all the formations older than Early Cambrian are argilla­
ceous, they will be called the "clastic aquitard." Region­
ally, this comparative relationship of carbonate aquifer 
to clastic aquitard has been demonstrated (Winograd and 
Thordarson, 1968), and these hydrostratigraphic units are 
believed to be the major regional aquifer and aquitard.
At the Nevada Test Site, Winograd et al. (1971) have 
divided the above hydrostratigraphy into upper and lower 
clastic aquitards and upper and lower carbonate aquifers.
This division is due to the presence of the Eleana Formation, 
which is approximately 8,000 feet thick in the western
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Nevada Test Site and separates 4,000 feet of late Paleo­
zoic limestone from approximately 15,000 feet of early 
Paleozoic limestone and dolomite. The entire complex 
is underlain by 10,000 feet of Precambrian and Early Cam­
brian argillaceous sediments, which form the lower clastic 
aquitard. Although technically correct at that location, 
this hydrostratigraphy is not applicable to the Amargosa 
Desert for two reasons: First, except for a few scattered 
outcrops at Bare Mountain, the Eleana Formation does not 
crop out in the Amargosa Desert. This is due to a natural 
southerly and easterly thinning of the formation. Second, 
Paleozoic rocks younger than Devonian are uncommon in the 
Amargosa Desert.
Other minor Paleozoic clastic units which occur within 
the region are not separated into hydrostratigraphic units, 
even though they are of considerable areal extent. These 
units are generally thin, averaging 100 or 200 feet thick, 
and as displacement on vertical faults within the region 
is often greater than their thickness, their effectiveness 
as aquitards is of a very local nature (Winograd et al., 
1971). Also, such units as the Eureka Quartzite are re­
latively pure arenites, and after being subjected to the 
same tectonic stress as the carbonate rocks, may have as
many open fractures.
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Early Tertiary Valley Fill
A complex group of post-Paleozoic, indurated clastic 
and carbonate sediments occur on the southeast flank of the 
Funeral Mountains. Denny and Drewes (1965) have mapped in 
detail these outcrops and have divided the stratigraphy in­
to informal lithologic units. These units often demonstrate 
extreme lateral variation in thickness, and tend to trun­
cate each other higher in the section. When taken as a 
group, the lithologic units of Denny and Drewes (1965) are 
remarkably similar to the Titus Canyon Formation of Stock 
and Bode (1935). The informal units are, as mapped by 
Denny and Drewes, from the base upward: lower fanglomerate, 
lower conglomerate, upper limestone and shale, upper fan- 
glomerate and upper conglomerate. The upper limestone and 
shale unit is very similar to the description of an algal 
limestone correlation horizon described by Stock and Bode 
(1935), and the entire sequence is similar to a section of 
the Titus Canyon Formation described by Cornwall and 
Kleinhampf (1964, Plate 3) in the Bullfrog Hills. These 
similarities plus the occurrence of outcrops of similar 
rocks extending northward along the western edge of the 
Amargosa Desert to within ten miles of the most southerly 
outcrop mapped by Stock and Bode (1935, Plate 4) in the 
Northern Funeral Mountains convince the author that the 
correlcation of Denny and Drewes (1965) is correct; that
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their informal units belong to the Titus Canyon Formation.
The section measured by Cornwall and Kleinhampl (1964) 
is 2,700 feet thick, while the aggregate thicknesses of 
Denny and Drewes' informal units are at least that thick.
Denny and Drewes (1965) note the occurrence of an 
indurated fanglomerate south of the Old Traction Road (19/51 
7a) in the Resting Springs Range. This fanglomerate is 
similar to those fanglcmerates composing the basal units of 
the Titus Canyon Formation in the Funeral Mountains to the 
west, which is Denny and Drewes' (1965) suggested correla­
tion. As extreme lateral thinning of the Titus Canyon 
Formation was noted by Cornwall and Kleinhampl in the Bull­
frog Hills, a similar phenomena here may explain the absence 
of the remainder of the formation in the Resting Spring 
Range.
The upper contact of the Titus Canyon Formation can be 
conformable, as it is in the Bullfrog Hills (Cornwall and 
Kleinhampl, 1964), or unccnformable as it is north and south 
of the Bullfrog Hills (Stock and Bode, 1935). The formation 
itself has been identified as early Oligocene from the oc­
currence of Mesohippus and titanothere fossils (Stock and 
Bode, 1935). In addition, Cornwall and Kleinhampl (1964) 
have found freshwater snails and a fossil tree trunk within 
the formation. Thus, fluvial and lacustrine environments 
are represented by the fossil and rock record.
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Late Tertiary Valley Fill
The xertiary Valley fill mapped on Plate 4 represents 
a thick sequence of playa lake sediments not unlike those 
of the Furnace Creek Formation. The basal contact of this" 
sequence is not exposed in the area mapped, although what 
may be the contact with the Titus Canyon Formation was 
described by Denny and Drewes (1965) in the area where the 
Old Traction Road crosses the Von Schmidt line, south of 
Ash Meadows. They indicate the claystone and sandstone of 
the Tertiary playa lake sediments lie conformably on and 
are interbeddea with the uppermost pebble beds of the 
fanglomerate previously described as possible Oligocene 
Titus Canyon Formation. Although the contact does appear 
conformable, this author could find little evidence for the 
indicated gradation. The basis of this observation is that 
the underlying fanglomerate is significantly more indurate 
than the playa lake sediments, and a lithologic change 
from deeply weathered, dark fanglomerate gravels to light 
greenish yellow tuffaceous siltstone and sandstone, in which 
is intercalated medium-bedded, very pale orange, fine-grained 
limestone, appears abrupt. A few lenses of poorly sorted, 
pebbly gravels do occur near the base, but are distinct in 
appearance and induration from the underlying fanglomerate.
Practically all of the finer-grained clastic playa lake 
sediments are tuffaceous to some degree. Thin bedding and
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variable light coloration combined with a high clay content 
are distinctive characteristics of these sediments. How­
ever, extreme lateral and vertical variation is found through­
out the area mapped. As good exposures of these sediments 
are rare and as the base is not exposed at Ash Meadows, an 
area by area description of outcrops was found to be more 
useful than a standard stratigraphic section.
At the south end of the airstrip (18/50 25ca) at Ash 
Meadows Lodge, symmetric ripple marks occur in thin to 
medium-bedded grayish yellow green siltstone and sandstones. 
The sediments -are crudely thinbedded and exhibit a few 
channel cut and fill structures. Lenses of coarser clasts 
(grannies) consist of Paleozoic limestone, dark chert, and 
quartz. This probable fluvial deposit is underlain by 340 
feet of pale greenish yellow friable shale and siltstone, 
which weathers to a distinctive pale yellowish orange clay 
bloom. The beds become increasingly sandy and thicker- 
bedded near the top of the unit where' silty sandstones 
generally have a dark reddish cast and are saliferous with 
laminations of halite. The next underlying unit is the 
distinctive pale yellowish green outcrop of zeolitized tuff 
southwest of Ash Meadows Lodge in sections 25 and 26. Rem­
nant pumiceous structures which give the outcrop a vuggy 
appearance can be seen in hand specimens. The top of the 
massive-bedded outcrop is marked by a yellowish gray shale
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interbedded with thick-bedded greenish and grayish tuff- 
aceous siltstone.
The next exposed outcrop lower in the section in this 
area is a very pale orange algal limestone in the south bank 
of a stream course in the NW1/4 NE1/4 sec. 26T.18S., R.50E. 
Thin-to-thick-bedded limestone is interbedded with light 
orange sandstone and shale, forming a unit six feet thick. 
Stratigraphically, this unit is several hundred feet below 
the zeolitized tuff. Underlying (and probably overlying) 
the limestone unit are thick sections of poorly exposed 
pale greenish yellow friable siltstones and shales, indis­
tinguishable from those overlying the zeolitized tuff. The 
underlying sediments are usually thin-bedded to laminated, 
occasionally ripple marked, and probably several hundred 
feet thick. Their outcrop area is marked by ubiquitous clay 
blooms and gypsum fragments weathered from the underlying 
strata.
As strata in this area dip generally southward, more 
units deeper in the section are theoretically exposed north­
ward. Exposures, however, are generally poor, being covered 
by clay blooms and thin alluvial and eolian veneers deposited 
over topography with slight relief. Also, to the north, the 
playa lake sediments become progressively more disturbed 
tectonically, increasing the possibilities of repetition of 
section. Observations from scattered outcrops to the north
18
indicate that beds yet lower in the section are probably 
similar to those previously described, with a few ex­
ceptions. No recurrence of massive zeolitized tuffs were 
noted northward, and outcrops of indurated, medium-bedded, 
light gray tuffaceous siltstone and sandstone became in­
creasingly frequent. This trend continues to about the mid­
dle of sec. 16, T.18S., R.50E., where a tongue of fan- 
glomerate (Tgm on Plate 4) occurs in steeply dipping beds.
The coarser clasts of this fanglomerate consist of approx­
imately 95% rounded quartzite pebbles and 5% Paleozoic lime­
stone. The shape of the outcrop is suggestive of a channel 
deposit, but this is probably deceptive. No bedding was 
discernable, but small clay blooms on the slopes of the out­
crops indicate a poor sorting.
North of the above fanglomerate, indurated tuffaceous 
sandstones and siltstones become very common, possibly form­
ing 25% of the section. A grayish yellow biotite ash fall 
tuff is exposed just northeast of the fanglomerate outcrop 
(18/50 lbbc). The tuff is indurated, about a half foot 
thick, and appears not to have been reworked. Finer elastics 
between the fanglomerate and the second anticline to the north 
consist of gx~ayish yellow claystone and friable, pale yel­
lowish orange shales. The surficial outcrop in the second 
anticline consists of medium bedded silicified limestone. 
Silicification is nearly complete at this site, giving the 
outcrop the appearance of bedded chalcedony. Between the
two anticlines in section 16, clay prospects have brought 
to the surface fragments of interformational conglomerateY
heavily cemented with brown chalcedony (sard?). At the 
same prospect pit, deeply weathered fragments of dusky 
green basalt were found among debris in spoil piles.
Tertiary fanglomerate units are indicated on Plate 1 
in order to delineate structural trends and do not have 
time-stratigraphic significance. In general, their out­
crops were found to be positive linear features on terrain 
of slight relief. The fanglomerates are lithologically 
distinct from each other; hence the reason for designating 
them differently.
The fanglomerate unit designated Tgl was found to con­
tain 30% quartzite, 67% Paleozoic limestone, and 3% dark 
chert. The unit attenuates northward, and appears to trun­
cate at. a slight angle the underlying finer sediments. The 
structural setting of this unit indicates that it is probably 
higher in the section than other Tertiary fanglomerates.
The fanglomerate unit designated Tgn is not the strong 
positive feature as are other fanglomerates, probably as a 
result of its higher clay content. It is also notable in 
that felsite gravels were the dominant coarse clastic, while 
the only pre-Tertiary clasts were quartzites. A similar 
fanglomerate was found along the axis of an anticline in 
sec. 1, T.18S., R.49E., but poor exposure precluded mapping 
of the outcrop.
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At the present site of the Tenneco processing plant 
(17/49 36c), northwest of the old Clay Camp, another fan- 
glomerate tongue (Tgp) forms the north flank of an east- 
west plunging anticline. The lithologies represented by 
pebble-sized or greater clastic material were more variable 
than at other sites, as the following percentages reveal: 
felsite, 40%; quartzite, 42%; dark chert, 9%; sandstone,
4%; Paleozoic limestone, 4%. In a road cut at the east end 
of the tongue-shaped outcrop, crudely bedded, poorly sorted 
mudstones and gravels are sufficiently indurated to form 
vertical walls. No current-bedding is exhibited at this 
excellent exposure. Thus, although the shape of the out­
crop is suggestive of a large channel, bedding features are 
definitely those of a fanglomerate. The tongue shape is 
probably due to lateral attenuation of the gravels, and not 
related to confinement by an elongate channel. This fan- 
glomerate represents the uppermost exposed unit in the 
section.
In an abandoned drainage ditch which dissects the 
southeast corner of the anticline in section 1, near the 
old Clay Camp, an extensive section of fluvial beds were 
exposed. From the axis of the anticline outward, the suc­
cession of beds are: grayish orangish pink claystone; thin 
bedded, cross-stratified sandstone and quartzite conglom­
erate; crudely bedded pumiceous conglomerate, fanglomerate
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composed of felsite, quartzite, dark chert, tuff and sand­
stone; current-bedded conglomerate; friable pale olive 
yellow shale; and moderate orange pink siltstone. These 
beds are poorly indurated and are tectonically less dis­
turbed than Tertiary outcrops to the southeast. It is 
probable that they are also higher in the section, perhaps 
approximately equivalent to the other fluvial unit near 
Ash Meadows Lodge.
One final Tertiary outcrop in a different area is 
worthy of note. This outcrop is shown on Plate 2, where 
dominantly algal limestone are interbedded with well sorted, 
coarse-grained sandstone and conglomerate (Figure 2). The 
algal limestone is a grayish orange pink and occasionally 
mudcracked on bedding surfaces. Although of a slightly 
different color, this limestone is very similar to the algal 
limestone near Ash Meadows Lodge, The conglomerates consist 
of predominantly rounded quartzite clasts in a calcareous 
matrix. As these sediments overlap Paleozoic limestones, 
the quartzite clasts must be from a source other than the 
mountains immediately north and east of this outcrop. The 
rounded and well sorted aspect of these quartzite sands and
gravels are suggestive of deposition by a good sorting agent. 
The author suggests that these clastic deposits may represent 
deposition on a beach of a playa lake. Ancestral discharge 
from the carbonate aquifer, which outcrops immediately north­
east of these sediments, may have been the source of calcium
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carbonate for the limestone deposition.
In general, the environment of deposition of the above 
late Tertiary sediments was probably a playa lake which, 
as it filled with sediments, became a salt pan, and was 
eventually overrun by fluvial deposits. Poorly sorted 
fan deposits encroaching on the edge of the playa created 
tongue-shaped fanglomerates at various levels in the section. 
The tuffaceous character of the sediments indicate that 
volcanism was occurring in the area at the time of deposition.
As no identifiable fossils were found in the playa lake 
sediments, only a tentative correlation with surrounding 
formations can be made. In the Bullfrog quadrangle, to the 
southwest of Beatty, Nevada, Cornwall and Kleinhampl (1964) 
have mapped tuffaceous clastic and carbonate sediments as 
conformably overlying early Oligocene sediment of the Titus 
Canyon Formation. In the Daylight Pass area and northeast 
of the pass, these sediments are interbedded with the 
Paintbrush Tuff Formation (Cornwall, 1971). This formation 
has been dated by potassium-argon methods as being late Mio­
cene and early Pliocene (Kistler, 1968).
In the area to the southwest of Ash Meadows, Noble and 
Wright (1954) have mapped late Tertiary sediments in the 
Northern Resting Springs Range of California as part of the 
Furance Creek Formation. By comparing the previous des­
cription of playa lake sediments with the description of the
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Furnace Creek Formation given by Drewes (1964) for the silt- 
stone-shale and siltstone-limestone beds at the northern end 
of the Greenwater Range, a large degree of similarity is 
observed. Although lower shale-borate beds are not known 
to occur in the playa lake sediments at Ash Meadows, they 
are to be found in Tertiary sediments of the Resting Springs 
near Shoshone, California (Noble and Wright, 1954). The 
age of the Furnace Creek Formation, based upon diatom fos­
sils, is early and middle Pliocene (McAllister, 1970).
The above discussion indicates that if a stratigraphic 
correlation to the north is correct, the Tertiary sediments 
at Ash Meadows can possibly be either late Miocene or early 
Pliocene. Further, the Ash Meadows sediments are very 
similar to early and middle Pliocene beds occurring in the 
Furnace Creek area of Death Valley. As no diagnostic fos­
sils are available at Ash Meadows, the author can only state 
an opinion with regard to the age of the playa lake sedi­
ments. That opinion is that late Tertiary sediments at 
Ash Meadows are Furance Creek Formation equivalents, and may 
also be equivalent to Tertiary sediments interbedded with 
the Paintbrush Tuff.
Tertiary Hydrostratigraphy
Mesozoic hydrostratigraphy within the region is limited
to a few isolated intrusive bodies which, for all practical
purposes, are aquitards (Winograd et al., 1970). No attempt
/
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is made to distinguish them from Tertiary aquitards.
Certain late Tertiary welded tuffs which occur at 
the Nevada Test Site are known aquifers (Winograd et al. , 
1971; Winograd, 1971a). The welded tuffs, part of the 
Paintbrush Tuff and Timber Mountain Tuff Formations, are 
generally centered around the Timber Mountain Caldera. Hot, 
plastic shards of glass associated with nuee ardentes were 
ejected from various vents around the caldera from late 
Miocene through early Pliocene. These ejected shards formed 
the ash-flow tuffs which, upon deposition, were welded into 
vitrophyres that compose the bulk of the above formations.
As might be expected, the beds of vitrophyre, commonly 
referred to as cooling units, thin irregularly away from 
the caldera (Lipman and Christiansen, 1964), and cover 
extensive areas around Timber Mountain.
Upon cooling, polygonal fractures formed in the more 
densely welded portions of each cooling unit. These primary 
fractures are the chief source of permeability and porosity 
of the welded tuffs (Winograd et al., 1971; Winograd, 1971a). 
Wells in one member of the Paintbrush Tuff below Western 
Jackass Flats indicate that these welded tuffs can have
4transmissivities on the order of 10 mgd/ft or greater. It 
should be noted, however, that significantly lower trans­
missivities were obtained from the same formations in other 
areas (Winograd, 1971a), Further, Winograd (1971a) notes
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that older ash-flow tuffs below Pahute Mesa are considered 
aquitards. Thus, it is not sufficient to designate a forma­
tion as an aquifer because it is an ash-flow tuff.
At the Nevada Test Site, a series of early Tertiary 
zeolitized tuffs and tuffaceous sediments occur between the 
welded tuff aquifer (Paintbrush Tuff and Timber Mountain 
Tuff Formations) and the carbonate aquifer. From tunnels, 
bore holes, electric logs, and well tests Winograd et al. 
(1971) determined that these formations were aquitards.
In contrast to either the underlying carbonate aquifer and 
overlying welded tuff aquifer, they are significantly less 
permeable, although their porosity may be several orders of 
magnitude greater than either of the aforementioned aquifers, 
Winograd et al. (1971) attribute these aquifer character­
istics to high clay and zeolite content of these beds, noting 
that slight interstitial permeability is their chief 
mechanism for transmission of ground water.
Within the Amargosa Desert, the previously described 
Tertiary sediments probably form a similar aquitard beneath 
the Quaternary valley fill. That these sediments are also 
aquitards is indicated by their dominant lithology (clay) 
and the effect they have upon ground-water flow. Two ex­
amples of the latter influence on flow can be examined in 
the Southern Amargosa Desert. Grapevine Springs (19/50 4ba) 
is an elongate seep area at the erosional contact of early
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Pleistocene (?) gravels and Tertiary playa lake sediments, 
which occurs at an elevation considerably above the general 
water table in the area. As it is unlikely that the spring 
could be receiving its recharge from any possible under­
lying carbonates, the only probably alternative is local 
recharge. The geological setting suggests that a local 
perched flow system exists in the early Pleistocene (?) 
gravels. Such a system would necessitate an aquitard be­
neath the gravels. A similar system can be seen at Navel 
Spring, in Furance Creek Canyon, at the contact of the 
Funeral Fanglomerate and the Furnace Creek Formation.
The second notable example of the influence of Ter­
tiary playa lake sediments on ground-water flow can be seen 
in the area of the old Clay Camp. By referring to Plates 1 
and 4, it is observed that a slight horizontal gradient is 
indicated by the water table contours to the northwest of 
Clay Camp. South and southeast of Clay Camp the water table 
steepens abruptly, as if flow has intersected a barrier.
By comparing the location of the abrupt change in slope with 
the geologic plate, it is obvious that the occurrence of 
Tertiary outcrops almost always coincides with this water 
table phenomenon. This relationship suggests that the 
Tertiary sediments are less permeable than the overlapping 
younger sediments, and in terms of hydrostratigraphic units, 
the Tertiary and Quaternary valley fills are aquitard and
23
aquifer, respectively.
To simplify terminology for the remainder of this 
report, the welded tuff aquifer will be referred to as the 
"Tertiary aquifer". Until further drilling can verify its 
effective areal extent, this usage will be limited to the 
Jackass Flats-Timber Mountain area. Tertiary tuff and sedi­
mentary aquitards will similarly be referred to as the 
"Tertiary aquitard".
Tertiary and Quaternary Sediments
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Hills in the Grapevine Springs area are capped by an 
extensive fanglomerate which truncates the late Tertiary 
playa lake sediments. This fanglomerate attains a maximum 
thickness of about 1,000 feet south of the aforementioned 
seep and is thought to be either late Pliocene or Early 
Pleistocene (Denney and Drewes, 1965). The fanglomerate 
also outcrops immediately southeast of Ash Meadows Lodge, 
where it was investigated by the author.
The outcrops of this fanglomerate (QTgO mapped on 
Plate 1 generally consist primarily of indurated and cross- 
bedded clasts of pre-Cenozoic limestone and quartzite 
lithologies. These clasts are subrounded to rounded and 
often occur with subordinate amounts of epiclastic Tertiary 
siltstone. At the locality southeast of Ash Meadows Lodge, 
the obscurred contact with the late Tertiary playa lake 
beds appears to be erosional. As the units occur
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stratigraphically above late Tertiary sediments, the late 
Pliocene or early Pleistocene age of Denney and Drewes 
(1965) appears reasonable.
This fanglomerate has only local hydrologic significance, 
as it generally occurs above the zone of saturation, pro­
bably from local precipitation, and forms the aquifer of a 
small perched ground-water system.
Early Pleistocene Valley Fill
In clay pits around the old Clay camp (18/49 la), a
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series of siltstones and claystones crop out which im­
mediately overlie Tertiary playa lake sediments and probably 
represent the oldest Pleistocene valley fill in surficial 
exposure. The medium- to thick-bedded siltstones and clay- 
stones are generally a pinkish gray color and are inter­
calated with lenses of light gray fine-grained limestone.
The limestone lenses are not extensive, and have irregular 
lower surfaces which conform to small topographic depres­
sions. Upper surfaces of these limestones are generally 
flat. These bedding features are well illustrated in the 
clay pit north of the Tenneco plant (18/49 36c), where the 
beds strike and dip conformably with the underlying Ter­
tiary sediments (Figure 3a). Bedding features are indica­
tive of a low energy fluvial environment (the present 
orientation of the beds is probably not related to their
30
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> 3a. Older Pleistocene Valley fill.
/3b, Reverse fault.
, Figure 3, Older Pleistocene valley fill located in 
NE1/4 SW1/4 SW1/4 sec. 36, T.17S., R.49E.v.
angle of repose). Tertiary playa lake sediments were probab­
ly the chief source of fine-grained clastic material for these 
Pleistocene beds. Fuller’s Earth mined from the clay pits 
in previous years (Papke, 1970) was probably the result of 
erosion, mechanical cleaning, and redeposition of finer- 
grained Tertiary playa lake deposits. In clay pits to the 
southeast (18/50 7ab), it is apparent that these sediments 
also truncate the Tertiary valley fill.
This older Pleistocene valley fill has been disturbed, 
as is illustrated at the clay pit north of the Tenneco 
plant. A small reverse fault with two feet of vertical 
throw can be seen in the entrance to the pit (Figure 3b), 
and within the pit numerous "box-work" structures are be­
lieved to be the result of fracturing and secondary de­
position of calcite and aragonite along the joints, with 
subsequent removal of the clay by differential weathering.
The stresses which caused this deformation may have been 
related to those which formed the anticline in the Tertiary 
sediments south of the Tenneco plant, as both the reverse 
fault and the anticline could be the result of the same 
compressional stress system.
Other surficial outcrops in the Ash Meadows area are 
probably younger than the Clay Camp outcrops. Sample logs 
of wells to the east enable one to determine lithologies 
at considerable depth and to obtain an idea of stratigraphic 
succession. Sample logs and driller’s logs found useful 
by the author are listed in the appendices of this report.
32
From the sample logs, three trends in the Pleistocene 
valley fill can be observed. In general, at depths greater 
than 500 feet, clays or argillaceous sands are commonly the 
predominant lithologies. At depths less than 300 feet, 
marls and fresh-water limestones with subordinate clays pre­
dominate. Intermediate between these depths, poorly sorted 
sands and gravels are common. These trends also vary lat­
erally, generally with distance from the Paleozoic carbonate 
outcrops at Ash Meadows. Near the Paleozoic outcrops, sam­
ple logs generally indicate that poorly sorted fan materials 
are more extensively represented in the section w’hile at 
distance from these outcrops, occurrences of sands and gra­
vels become minimal. Surficial expostires indicate that 
marls and limestones are also best developed near the Paleo­
zoic outcrops while clay becomes more prevelant away from 
these outcrops. To the east of Ash Meadows, the Amargosa 
Flat is an area of extensive clay and marl exposures. Wal­
ker and Eakin (1963) indicate that this marl zone extends 
almost uniformly around the flat up to the elevation of 2400 
feet.
In addition to marl, sample logs 18/50 lldd and 18/51 
7bdb indicate that gypsum is also present within the upper 
200 feet of the surface. Gypsum, commonly in the form of 
selenite, is found weathering from the marls at Ash Meadows 
particularly in the area of the Paleozoic outcrops and from 
the marls around the flat northeast of Ash Meadows.
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Surficial outcrops of the upper marl zone of the early 
Pleistocene valley fill are highly variable. The best ex­
posures of marls at Ash Meadows crop out in NW1/2 sec. 26 
and in the SW1/4 sec. 23, T.17S., R.50E., where poorly 
indurated, light gray to white nodular beds of marl are 
c r u d e l y  interbedded with grayish yellow green calcareous 
clays. This light colored marl is often relatively free 
of clastic material, containing as little as 10% silt-and 
finer-sized particles. In other areas, clay beds of many 
pastel shades contain crude angular calcareous nodules which 
make penetration with a shovel difficult. At the southeast 
end of Fairbanks Butte (17/50 3c) these marls and calcareous 
clays are interbedded with argillaceous limestones. Figure 
4 is illustrative of these interbedded units. In the lower 
left-hand corner of the figure, nodular marl and pinkish 
gray clay grade upward into argillaceous limestone. The 
limestone apparently was partially removed by erosion, sub­
sequent to which another calcareous pinkish gray clay over­
lapped the renmant at the approximate position of the ham­
mer. The environment of deposition of the pinkish gray 
clays was probably subaerial, low energy fluvial. Over­
lapping the above is a yellowish gray calcareous clay with 
fewer marl nodules than that in underlying beds. The 
environment of deposition here was probably subaqueous and 
possibly paludal. This last unit completely overlaps the
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limestone remnant and is overlain by a massive argillaceous 
limestone. Immediately below the outcrop shown in Figure 4, 
an irregularly shaped calcareous nodule was found weathering 
from the marls (Figure 5a). This nodule contains casts of 
numerous rootlets of aquatic (?) plants on its surface.
These are probably the results of calcium carbonate depos­
ition from ground water in clay mold left by decay of the 
rootlets. Denney and Drewes (1965) also make note of num­
erous casts and molds of rootlets weathering from these 
beds. In other localities, nodular casts have the appearance 
of coprolites of burrowing invertebrates (Figure 5b).
In an endeavor to understand the origin of the clastic 
fraction of the early Pleistocene valley fill at Ash Meadows, 
samples from various localities, generally in the northern 
half of Plate 4, were collected and cleaned of all calcareous 
and clay-sized particles. The resulting residues, generally 
of a silt or fine sand size, were identified under a petro­
graphic microscope with the aid of oils. A summary of the 
results of this examination is given in Table 1. All of 
the samples except two came from the marl zone in the Ash 
Meadows area. Sample A-5 is from an old eolian deposit 
which consisted of horizontally stratified, coarse sand- to 
silt-sized grains of subangular to subrounded clasts.
This eolian deposit is probably located at the same 
stratigraphic horizon as the alluvial units which truncates
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Figure 4. Early Pleistocene marl and clay 
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38
the marls at other locations (see discussion under Late 
Pleistocene Valley Fill). The other non-marl zone analysis 
is a grab sample from the 530 foot depth of a well which 
is now abandoned. The samples indicate a similarity of 
mineralogy, and no trend with areal location could be 
detected. In general, the volcanic minerals of sanidine, 
plagioclase (dominantly oligoclase), divitrified glass, and 
quartz dominated over a variety of subordinate minerals, 
including some secondary ones (gypsum and celestite) .
Along the northern fringe of the Amargosa Desert, an 
abundance of air-flow and air fall late Tertiary tuffs occur 
in terrain and drainages favorable to be the source of the 
above volcanic mineralogy. Cornwall (1972) has recently 
reviewed the composition of these tuffs, belonging to the 
Paintbrush Tuff and Timber Mountain Tuff Formation, and has 
characterized them as varying from rhyolite to quartz latite. 
In general, sanidine and oligoclase are the most frequently 
mentioned phenocrysts, followed by subordinate amounts of 
quartz, biotite, magnetite and clinopyroxene. If these 
tuffs are the source of the aforementioned mineralogy at 
Ash Meadows, the absence of clinopyroxene is not unexpected, 
as the ferromagnesium minerals would be the first to be 
chemically weathered. Of the heavy minerals listed in Table 
1, epidote, leucoxene, tourmaline, and garnet are not 
mentioned by Cornwall (1972, Table 3) as common to the late
Tertiary tuffs. Various explanations can be offered for 
this difference, but few can be definitively proven.
The similarities between the mineralogies of silt sized 
material at Ash Meadows and of phenocrysts of the late 
Tertiary tuffs bordering the Amargosa Desert on the north 
suggest that the latter are the source of the former. Lip- 
man and Christiansen (1964) note that a common weathering 
mode of the glassy component of these tuffs results in the 
formation of montmorillonitic clays. Apparently the leach­
ing of sodium from the metastable glass by percolating 
fluids occurs contemporaneously with clay formation. Hoover 
(1968) also notes the preferential exchange of hydrogen 
ions for sodium ions in volcanic glass. Thus, carbonic acid 
from natural meteoric waters may be the mechanism for the 
breakdown of the glassy fraction of the tuffs to clays, and 
for the formation of sodium bicarbonate ground water common 
to these terrains (Also see discussion under Hydrochemistry).
It would appear that volcanic debris eroded from the 
upland north of the Amargosa Desert is the probable source 
of both the clay-and silt-sized mineral fragments embedded 
in the clay and marl at Ash Meadows. The relative abun­
dance of some heavy minerals listed in Table 1 may be either 
the result of concentration in transit or their relative 
resistance to weathering.
Clay samples from the Pleistocene valley fill at Ash
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Meadows were also collected for x-ray diffraction analysis. 
The results of these analyses indicate that the clays are 
almost entirely composed of dioctahedral montmorillonite 
(Table 2). Other minerals indicated by the x-ray dif­
fraction work generally compliment the results of the micro­
scopic analysis of Table 1.
Sample 31 of Table 2 was noted by the author to have 
a large salt content. An analysis of the water soluble 
fraction of this sample indicates that the salt is composed 
largely of NaSO^ (Table 3). The x-ray diffraction results 
of the same sample indicate the presence of thenardite, 
which compliments the chemical analysis. Thus, sulfates 
of calcium, sodium, and to a lesser extent, strontium are 
found in the Pleistocene valley fill. Under present con­
ditions, salt crusts are abundant in the Jack Rabbit Spring 
and Big Spring areas. An analysis of one of the flores­
cences revealed a dominantly sodium chloride-sulfate com­
position (Sample 30, Table 3). Similar salt florescences 
deposited with the marls and clays may account for the 
ubiquitous thenardite weathering from the Pleistocene val­
ley fill, provided that the sodium chloride could later 
be leached from the clays.
At various localities throughout Ash Meadows, light 
colored vuggy limestones form protective caps on small 
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Notes: Sample 30 from recent salt crust near
Big Spring.
Sample 31 from Pleistocene clay near 
Fairbanks Butte.
Percentages calculated from epms of 
ionic constituents.
Analyses by Patricia Harris, Desert 
Research Institute.
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stratigraphic position, these caps were delineated on Plate 
4 as Qpc. Limestone caps, in part, may be exhumed lime­
stone lenses similar to those previously described as oc­
curring at Fairbanks Butte. Others, as exemplified by cap 
rock at Fairbanks Butte, may be tufa deposits, as suggested 
by Denney and Drewes (1965), which were never covered by 
later sediments. These limestones are of limited areal ex­
tent, suggesting localized deposition.
The cap at Fairbanks Butte is probably the best ex­
ample of these limestones. The base of this cap is rather 
marly, and reminiscent of limestone beds lower in the 
section. However, it grades upward into a clean fine­
grained white limestone which comprises the bulk of its 
thickness. Flattened angular vugs which appear to be 
columniated perpendicular to bedding give the cap a dis­
tinctive appearance. The cap is massive and at least 20 
feet thick at its southwest end, but thins to a fraction 
of this thickness at its northeast end.
An identical cap occurs approximately 100 yards west 
of Fairbanks Butte but at an elevation approximately 100 
feet lower than the top of the Fairbanks Butte cap. This 
cap is badly brecciated along fractures and joints, and 
from a maximum thickness of 10 to 15 feet along its eastern­
most edge it thins rapidly westward and northward. The 
similarity of the two caps suggests htrongly that faulting
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along a north-northwest trend between them has downthrown 
the western-most cap.
Another cap similar to that at Fairbanks Spring forms 
a low plateau of Pleistocene valley.fill which overlaps 
late Tertiary sediments in the NW1/2 NE1/4 sec. 23, T.18S., 
R. 50E. At this site, the cap often takes the form of an 
interformational conglomerate, which gives it a vuggy ap­
pearance. About 1/4 mile north of this site, the cap is 
massive and is both jointed and horizontally fractured 
along bedding planes. At both localities, small springs 
discharge from the Pleistocene sediments near the strati­
graphic horizon of the cap, suggesting that it is locally 
an aquifer.
The genesis of the Pleistocene limestones and marls 
is probably closely associated with Pleistocene discharge 
from the carbonate aquifer, as the present discharge is 
saturated with respect to calcite (see Hydrochemistry), 
suggesting that chemically similar waters may have been 
the source of these lithologies. The present discharge is 
also supersaturated with respect to atmospheric CC^, thus 
allowing for a natural mechanism of precipitation. However, 
the interformational conglomerate and vuggy limestone facies 
of the limestone caps are also suggestive of a strong 
biological factor, as they could be the result of pre­
cipitation on algal mats. A similar biological control is
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suggested for formation of lithcidal tufas at Mono Lake, 
California (Scholl and Taft, 1564). Thus, both biological 
and thermodynamic factors may be responsible for the limestone 
and marl deposits at Ash Meadows.
Late Pleistocene Valley Fill
Overlying and truncating the marls and clays described 
in the previous section are a series of sediments which have 
also been mapped as part of the Pleistocene valley fill 
(Qp on Plate 1). In general, these sediments consist of an 
alluvial unit which truncate the older marls and clays, 
and a younger marl and/or travertine limestone which over- 
lie the alluvium. Although these units have essentially 
no hydrogeological significance, they are stratigraphically 
significant.
The above sequence of sediments is noted by Denney 
and Drewes (1965, Figure 5) in SE1/4 NW1/4 NW1/4 sec. 26, 
T.17S., R.50E., where a slight angular unconformity occurs 
between crudely bedded marls and an alluvial unit one foot 
thick. The alluvial units consist of fragments of marl 
and Paleozoic limestone. The alluvium is itself overlain 
by a cap of massive, very light brown silty limestone.
The capping limestone forms a large mesa which slopes 
gently to the west. At the northwest corner of this mas­
sive cap, travertine molds of tules (Scirpus sp.) and cat­
tails are interbedded with aid overlie the limestone (Fig­
ure 6a), The alluvium probably represents a thin gravelly
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/ 6b. NW1/4 SW1/4 sec. 17, T.17S., R.50E,
/Figure 6, Pleistocene molds of tule and algal stems.
6a. SW1/4 NW1/4 SW1/4 sec. 23, T.17S., R.50E.
POLAROID CORP_  Mb?______ I
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veneer deposited on a pediment surface, which may be con­
formable with the erosional surface further west (Qs 
on Plate 1).
At another location, Denney and Drewes (1965, p. 128) 
describe a similar sequence of marls and alluvium. Their 
description, taken from a wall of Carson Slough about one 
mile north of Rogers Spring, includes several units of 
gravel and epiclastic marl totalling 14 feet, which pro­
bably represent both channel and overbank deposits. A 
cross-bedded gravel approximately equivalent to Denney and 
Drewes' unit 3 is shown in Figure 7a of this report. These 
alluvial sediments apparently truncate older marls and 
clays, and are conformably overlain by younger marls in 
which occur an abundance of fragmental travertine tule 
molds.
Yet another area where a similar sequence of beds 
occurs is in SW1/4 NW1/4 NW1/4 sec.l, T.18S., R.50E., in 
the wall of a wash about 100 feet north of a small spring 
at that same location (Figure 7b). At this locality, 14 
feet of yellowish gray alluvium, consisting of largely silt- 
and gravel-sized material, is composed of Paleozoic lime­
stone and epiclastic marl. The lower contact is an 
erosional unconformity on yellowish gray marly clay. The 
alluvium is capped by a nodular, very pale orange limestone 
about 2,5 feet thick which conformably overlies the alluvial
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.Figure 7, Late Pleistocene gravels and marls
unit. As the alluvial unit is absent or not exposed in 
other areas, it is difficult to distinguish these over- 
lying limestones from the early Pleistocene limestones.
As a result, these younger limestones have also been de­
noted on Plate 4 as Qpc. In this area, the limestone over- 
lying the alluvium tends to become conglomeritic toward 
Devils Hole to the east, and appears to grade into marl 
units westward, The marls are very pale orange, fossili- 
fercus, crudely bedded units one to two feet thick. Be­
sides an abundance of fragmental tule molds which char­
acterize these marls at other localities, small fresh water 
mollusks are found here. Dwight Taylor has examined an 
assemblage of mollusks from marls very similar to these at 
a locality three miles north of the edge of Plate 1 (16/50 
19ccd). Taylor (Mehringer, 1972, personal communication) 
concludes that at this locality the assemblage suggests 
the following environmental conditions.
1. Source of water is spring outflow. The 
locality is near a source pool as both 
terrestrial and marsh species are rare 
or lacking.
2. Water is perennial in a quite shallow 
(2-3 feet max.) pond or slow moving 
water.
Although the marls may not contain exactly the same 
assemblage at both sites, their almost identical appearance 
is suggestive of a similar environment of deposition at 
the locality near Devils Hole.
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Denney and Drewes (1965) describe lobate spring de­
posits "just west of Devils Hole," which overlap the desert 
pavement on ridges. These deposits are located in NW1/4 
NEl/4 sec.2, T.17S., R.50E., and as suggested by Denney 
and Drewes, do appear to overlie pediment gravels to the 
east. However, exposures in a wash along the north edge 
of the deposit indicate that they directly overlie the 
uppermost fossiliferous marls, at least at this locality.
In general, the deposit consists of light yellowish brown 
travertine and contains numerous molds of tules (Figure 
8a), which are not unlike previously described travertine 
molds. A thin section made through one of these molds 
indicated the presence of small tubular openings which may 
have been left by algae (Scholl and Taft, 1964). Tules in 
the present spring pools at Ash Meadows are often encrusted 
by algae (Figure 8b). Algae may have been the mechanism 
responsible for the precipitation of travertine.
The lobate sheet at the Devils Hole location was 
apparently deposited over a broad area without any lateral 
confinement, and in general, slopes with the topography.
The overall appearance cf this spring deposit is a marsh, 
maintained by ground-water discharge, which became ponded 
by a luxuriant growth of tules damming and spreading the 
flow. The marsh would have been an excellent location for 
eolian accumulation, which is probably the origin of the
8b,/ Algal incrustation at Big Spring.
. Pleistocene tule molds and modern algal in­
crustation.
8a. Pleistocene tule molds near Devils Hole
NW1/4 NE1/4 sec. T.17 S. , R,50E.
Figure 8
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light brown color of the travertine. In other areas, this 
travertine spring deposit forms massive limestone caps 
which are denoted on Plate 4 as Qpf.
In NW1/4 sec. 20, T.17S., R.50E. near the location 
where Carson Slough and Rock Valley Wash join, beds of very 
silty marl which do not appear to be far removed from re­
cent alluvial deposits have been mapped on Plate 4 as Qp.
As these marls are overlain by travertine molds of tules 
and chara (Figure 6), it is believed by the author that 
they are essentially contemporaneous with the uppermost 
fossiliferous marls west of Devils Hole. If this relation­
ship exists, it strongly emphasizes the time lag between 
deposition of the uppermost fossiliferous marls and the 
stratigraphically lower marls, as the silty marls at this 
site are at an elevation of 2,180 feet, while the older 
marls outcrop at an elevation of 2,300 feet in section 17, 
immediately north of section 20, As an erosional surface 
probably exists below the marls examined in Carson Slough, 
This time lag would have to be sufficient for the erosion 
of approximately 120 feet of older marls to allow for the 
deposition of the more recent marls at their present ele­
vation .
Environment of Deposition of Pleistocene Valley Fill
Evidence for a closed Pleistocene basin in the 
Amargosa Desert is lacking. If the basin had been closed 
during this epoch, the most likely location for a barrier 
causing complete closure would be at Eagle Mountain, to 
the South of Death Valley Junction, as this is the location 
of a natural restriction in the Amargosa River. However, 
if closure has ever occurred at this point, severe tectonic 
tilting must have occurred since, as the area is generally 
at or below the mean elevation of the floor of the Amargosa 
Desert at Ash Meadows. Also, as nothing in the surficial 
sediments at Eagle Mountain is indicative of closure, it 
would be necessary for post-closure erosion to have removed 
all evidence of closure from the depositional record.
Northeast of Ash Meadows, extensive gypsum and clay 
beds are probably remnants of an ancestral playa in the 
Amargosa Flat area. It is likely, then, that local closure 
within the basin has occurred from time to time. Other 
areas where closure may have existed at various times are 
indicated on Plate 3, where gravity lows exist north and 
east of a gravity high which approximately parallels the 
Nevada-California state line. The gravity high parallels 
a series of Tertiary outcrops which traverse the Amargosa 
Desert along the same trend. Gravity lows may be areas 
where locally closed basins have existed in the Pleistocene
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Epoch with nc surficial evidence exposed because of burial 
by later Pleistocene sediments. It should be remembered 
that the older Pleistocene sediments in the Clay Camp area 
are themselves tectonically disturbed, and that younger 
Pleistocene sediments overlap the Tertiary playa lake 
sediments with only minor indications of tectonic distur­
bance. Thus, these postulated basins may have been of an 
intermittent character, present only when tectonism could 
maintain an effective barrier in relationship to deposition 
of sediments in the basins.
The abundance of marls in the Pleistocene is evidence 
of the effect of ground water on the depositional record. 
The maximum elevation of these marls at Ash Meadows and 
around Amargosa Flat is approximately 2,400 feet. As the 
carbonate aquifer essentially underlies this entire area, 
the above elevation must represent the maximum potential 
obtained by ground water within the aquifer during the 
Pleistocene glacial stages. Waters warmed by their deep 
flow path probably discharged from springs and seeps over 
the entire land surface below the elevation of this maximum 
potential. These waters probably maintained tule-choked 
ponds and marshes in which marls and limestones were de­
posited, the calcite for these deposits being derived from 
ground water. Volcanic terrains to the north provided an 
abundance of volcanic debris which was probably strained 
of its coarser component along the periphery of the marsh
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area as it was transported by surface waters toward the 
center of the basins. Calcareous algal crusts closely 
associated with some springs may have accumulated over 
localized areas, and later have been diagenetically altered 
by the discharge from the same spring into indurated lime­
stones. During interglacial periods finer material was 
probably reworked and deposited, along with evaporites de­
rived from ground-water discharge, in playas toward the 
center of the basins. Alluvial fans would have been active 
on the mountain flanks away from the center of the basins, 
and fan gravels would interfinger with marls in the vicinity 
of the zone of saturation.
Although the above description is schematic and there­
fore lacking detail, the author believes it to be approxi­
mately correct on a gross scale. It is certainly more 
applicable to the marls and clays than to the older Pleis­
tocene valley fill in the Clay Camp area.
Age and Correlation of Pleistocene Valley Fill
The Pleistocene age of these sediments is based on 
the fact that they unconformably overlap late Tertiary 
sediments. As fossil evidence is lacking, the older Pleis­
tocene valley fill in the Clay Camp area may be late Ter­
tiary rather than Pleistocene. The author has arbitrarily 
placed the Tertiary-Quaternary boundary at the horizon of 
the unconformity found southeast of Clay Camp, where it
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occurs below the siltstones and claystones in the clay 
pits, as this is the probable maximum section that could 
be included in the Pleistocene valley fill. The Pleisto­
cene-Recent boundary is largely a matter of whose definition 
one accepts as being applicable. Bandy and Ingle (1970) , 
on the basis of foraminifera studies and radiocarbon dating, 
place the boundary at about 11,000 years B.P. for marine 
sediments. Morrison (1965) prefers to place the boundary 
at the top of the Toveh Soil, or about 3,800 years ago, 
because this soil is a regional stratigraphic marker in 
the Great Basin. Haynes (1967), from work in the Tule 
Springs area in Las Vegas, places the boundary at the be­
ginning of the climatic dry which is represented by the 
present Mohave Desert flora, or about 6,000 to 7,000 years 
B.P. As Stuiver (1965) notes complete desiccation of 
Searles Lake occurred sometime after 6,800 years B.P.,
Haynes1 boundary may be the most applicable in the Southern 
Great Basin.
Stuiver (1965) , from radiocarbon dates on carbonate 
and organic material at Searles Lake, determined that a 
series of intermittent arid conditions occurred between 
24,000 and 33,000 years B.P. This period of intermittent 
warms is contemporaneous with the Tahoe-Tiogo Interglacial, 
and should be reflected in the sedimentary record at Ash 
Meadows. During a period of increased aridity, a potential 
drop in the carbonate aquifer would allow for deflation and
stream erosion of the marls and clays.
Haynes (1965) , in his discussion of the Eglington 
Scarp area near Las Vegas, Nevada, notes the presence of 
"cauliflower-like" tufa which contains molds of tules.
These tufas at the Eglington Scarp Site have been radio­
carbon dated as 10,000 years B. P. and are similar to those 
at Ash Meadows which overlie the uppermost fossiliferous 
marls. It may be, then, that if the travertine tule molds 
from the two areas are even remotely related in time, the 
tule molds and the uppermost fossiliferous marls at Ash 
Meadows are probably related to the late Wisconsin (Tiogo) 
Glacial or Pluvial. If this assumption is correct, the 
alluvium underlying the uppermost fossiliferous marls could 
be approximately middle Wisconsin (Tahoe-Tiogo Interglacial) 
as it represents a period of erosion.
Through a personal communication with Dr. Peter 
Mehringer (1972, Washington State University), the author 
has learned of two additional radiocarbon dates within this 
time frame which were obtained from gastropod shells at 
Ash Meadows. These dates are separated by an erosional 
surface which was found in an archeological site at the 
base of a sand dune located in SE1/2 NW1/4 sec. 3, T.18S., 
R.50E. Dr. Mehringer has found by correlation with radio­
carbon dates on seedpods that certain species of gastropods 
will give reasonable radiocarbon dates, while others will
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be spuriously old due to the utilization of carbonate from 
spring discharge in formation of their shells. The older 
date, occurring below the surface, has been qualified by 
Dr. Mehringer as being close to the real age, while the 
younger, occurring above the erosional surface, was qual­
ified as not overly reliable because of the species of 
gastropod used in dating. The dates are, respectively, 
greater than 28,000 years B.P, and 16,910 + 300 years B.P.
If this erosional surface is equivalent to the erosional 
surface between the marls further east, then these dates 
may reflect the age of the top of the lower marls and 
the very approximate age of the uppermost fossiliferous 
marls.
One additional radiocarbon date which corresponds well 
with the above postulated late Wisconsin stratigraphy and 
also provides some climatological information was obtained 
by the author from an in-house report to the Desert Research 
Institute by Dr. Mehringer (1971). This date was obtained 
from a packrat midden containing twigs and seeds of Utah 
Juniper (Juniperus osteosperma) which was found in the 
Paleozoic carbonates east of Ash Meadows at an elevation 
of about 2,500 feet. The midden was dated at 13,150 - 500 
years B.P. and the plant remains which compose the midden 
indicate a pluvial depression of xeric juniper woodland 
by about 3,000 feet from present juniper growth. Thus,
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the late Wisconsin climate, although arid, was significantly 
cooler and moister than the present Mohave Desert dry. These 
climatic conditions probably prevailed during the deposition 
of the uppermost fossiliferous marls, and are probably rep­
resentative of glacial climates in the Amargosa Desert.
Hydrostratigraphy of Pleistocene Valley Fill
In a bulk comparison with other strata, the Pleistocene 
valley fill can act either as an aquitard or aquifer. As 
previously noted, in contrast to the Tertiary playa lake 
sediments in the area of the Clay Camp, the Pleistocene 
valley fill is an aquifer. On the other hand, the opposite 
relationship is exhibited in comparison with the carbonate 
aquifer at Ash Meadows. Northeast of Ash Meadows, the 
piezometric surface in the carbonate aquifer slopes very 
gently toward Ash Meadows, the gradient averaging less than 
one foot per mile. At Ash Meadows, discharging springs 
indicate that the carbonate aquifer is in juxtaposition with 
less permeable sediments (Winograd, 1971) . These sediments 
consist, in large part, of the Quaternary valley fill (also 
see discussion under Hydrogeology). West of Ash Meadows, 
the water table in the Quaternary valley fill is essentially 
at the land surface, and slopes steeply away from the Paleo­
zoic carbonate outcrops (Plate 4). The strongly contrasting 
gradient of the two surfaces are indicative of a large per­
meability contrast, and suggest that, in this instance, the
60
Pleistocene valley fill is an aquitard. For purposes of 
brevity, in this report the Pleistocene valley fill aquifer 
and aquitard v/ill be referred to as the "alluvial aquifer 
and aquitard."
From previous discussion, it is clear that in the Ash 
Meadows area the predominance of clays would inhibit the 
presence of local aquifers. However, a few moderately high 
production wells, with specific capacities greater than 5 
gpm/ft. do occur in the area. These wells are usually 
located near the Paleozoic carbonate outcrops at Ash Meadows. 
In general, wells appear to penetrate two types of local 
aquifers within the alluvial aquitard. In the vicinity of 
Point of Rocks Spring, a number of wells in otherwise dom­
inantly argillaceous sediments apparently obtain their water 
from Pleistocene limestone a few feet in thickness. Per­
haps the best example of this is driller's log 17/50 7dac, 
where the driller specifically indicated that the water­
bearing strata is "loose caliche," which is probably a mis­
nomer for limestone. As the log also indicates that the 
drilling tools fell free upon penetration of this limestone, 
it would appear that permeability is due to solution,
Another well (17/50 29ad) in Carson Slough probably obtains 
its production from sands and gravels, with minor production 
from a fractured limestone, if the driller's log is correct. 
The fractured limestone aquifer at this location is corrobor­
ative of the author's earlier observation that small springs
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appear to issue from a fractured limestone in NW1/4 NEl/4 
sec. 23,T.18S.,R.50E, Thus it would appear that at least 
locally, Pleistocene limestones are aquifers.
The second type of local aquifer encountered at Ash 
Meadows is the occasional clean sand and gravel which occur 
at depth, as exemplified by the previously mentioned well 
located in Carson Slough. Another example of high inter­
granular permeability at Ash Meadows is indicated by the 
driller's log for well (17/50 36dc) located just east of 
Devils Hole, where the major aquifer is a thick section of 
Paleozoic limestone gravels. Minor production in this well 
may be obtained from solution permeability in a single bed 
of Pleistocene limestone. The apparent reason for the success 
of this well is its location in the center of a large drain­
age on the alluvial fan southeast of Devils Hole. Other wells 
placed equally as close to Paleozoic carbonate outcrops and 
penetrating extensive sections of fanglomerate (for example: 
sample log 18/51 7bdb) have not been as successful.
Pleistocene and Recent Sediments
An old river gravel exists in the vicinity of the Clay 
Camp in the form of terrace remnants which cap many of the 
surrounding hills. In good exposures, such as that west of 
Clay Camp in an old railroad cut (18/49 lbdd), these beds 
consist of fine sand to fine gravel-sized clasts which are 
current-bedded and slightly indurated, A pebble count at
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the above site revealed the following lithologies: black 
vesicular basalt, 5%; red pumiceous scoria, 5%? dark chert, 
15%? chalcedony, 2%; felsite, 66%; quartzite, 7%. Except 
for the absence of Paleozoic limestone and dolomite, this 
count is very similar to the lithologic composition of the 
low terrace along the present course of the Amargosa River 
(Denney and Drewes, 1965). If these old terrace gravels are 
from a channel of an ancestral Amargosa River, as the author 
suspects, the absence of Paleozoic carbonates might be ex­
plained by the difference in location between the present 
and ancestral river course. The present course of the river 
is along the western flank of the Funeral Mountains, which 
are dominantly composed of Paleozoic carbonates. An ances­
tral course, further inland as represented by the old ter­
race gravel outliers, could have bypassed this source area. 
The age of this terrace is unknown, but as the terrace re­
mnants are at an elevation above most of the valley floor 
in the Southern Amargosa Desert, and as they truncate the 
Pleistocene valley fill, they are probably as old as late 
Pleistocene.
A second gravel in the Clay Camp area, mapped as Qgt 
on Plate 4, is commonly found closely associated with but at 
a lower elevation than the first terrace gravel (Qgt). The 
surficial difference between the two gravels is slight, as 
the second contains considerable slope wash from the first, 
and both commonly have well developed desert pavements.
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However, the second gravel contains a larger percentage of 
epiclastic Pleistocene valley fill, and is not current- 
bedded where exposed in vertical cuts. This second gravel 
is probably the result of localized deposition on an ero- 
sional surface unrelated to the Amargosa River.
In the area along the southern and eastern edges of 
Plate 4, gravel capped pediment surfaces truncate Pleisto­
cene and Tertiary sediments. These gravels, consisting 
largely of Precambrian and Paleozoic sediments, have been 
subdivided on the basis of the presence or absence of a well 
developed desert pavement. Those gravels with well developed 
pavements are indicated as Qog on Plate 4, while those with 
little or no pavement development are indicated as Qg. The 
best examples of those with well developed pavements are 
found south of Ash Meadows Lodge, where they cap multiple 
surfaces. Northward, the difference between the two gravels 
becomes less distinct, and the younger often predominates.
The younger gravel grades laterally into alluvium toward the 
center of the basin; the distinction being that the alluvium 
consists of at least 50% sand-sized or finer clastic material.
Eolian deposits of considerable variability cover much 
of the lower terrain at Ash Meadows. These deposits are 
closely associated with vegetation which stabilized them.
Grain size was used as the basis for distinguishing between 
deposits on Plate 4, as morphologies are variable and often 
indistinctive within any one range of grain size.
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Deposits which consist dominantly of sand-sized frag­
ments show the greatest morphological variation. In the 
vicinity of Clay Camp, coarse sand was found to be essentially 
horizontally stratified, forming a thin veneer over the ground 
surface. The center of Carson Slough is covered by a long, 
complex dune which extends northward from the Tertiary sedi­
ments in sec. 9, T.18S., R. 50E. As prevailing wind directions 
are essentially northward, it is probable that the Tertiary 
sediments and Quaternary gravels to the south are the major 
source areas for these dunes. In NE1/4 SW1/4 sec.9, T.18S.,
R.50E., the dunes have a parabolic form, but north of this 
area a north-south longitudinal form is the most common shape 
exhibited within the dune complex. Underlying and pro­
truding through the recent dunes are older, well cemented 
dunes which are being deflated today. Other fixed dunes are 
found closely associated with honey mesquites (Prosopis 
juliflora) throughout the area. These dunes often appear in 
tall haystack-like forms, in which sand has accumulated among 
the low branches of the mesquites.
Mehringer (1971, in-house report to the Desert Research 
Institute) has been able to date 5,000 years of dune activity 
in the Carson Slough. This has been accomplished through 
radiocarbon dating of tule seeds in peats which grade lateral­
ly into dunes. The peat-dune relationship is the result of 
ponding of spring discharge behind the aforementioned north- 
south dune complex. In the time before the deposition of this
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dune, water from Fairbanks and Rogers Springs probably 
flowed southwestward and entered the drainage of Rock Valiev- 
Wash (17/50 2c). The dune, encroaching from the south, 
diverted the spring discharge, causing it to flow directly 
south along the east side of the dune complex (Plate 1). 
Floodwaters from Amargosa Flat, laden with fine silts and 
clays, probably deposited an effective seal on the dune 
front, allowing for the formation of peat bogs. As deposi­
tion continued in the dune complex and in the bog, a slip 
face formed on the east flank of the dune complex, which 
allowed for sand in excess of stability to slide down into 
the bog and to trangress over the bog in periods of high 
eolation= Contemporaneous with dune and bog deposition, 
fluvial deposition was occurring in Carson Slough, and fine­
grained overbank deposits from the slough often interfinger 
with the peats. As a consequence of this aggradational pro­
cess, the area along the present course of Carson Slough is 
at a higher elevation than the area immediately west of the 
dune complex. The dune was apparently breached recently 
in SW1/4, sec. 21, T.17S., R.50E., and the slough has encised 
a deep channel into, the fluvial deposits in the area of the 
breach. With the aid of backhoe trenches, Dr. Mehringer has 
been able to inspect, the above relationships and date a min­
imum of 5,000 years of intermittent peat deposition.
Loess has the least morphological variation of all the 
eolian deposits. These deposits consist of silt-sized and
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finer material which occur in massive beds that blanket 
extensive areas. Active deposition of loess is occurring 
in the heavily wooded area around the old Rogers1 homestead 
(18/50 18c), where it consists of a medium light gray silt­
sized and finer material which is apparently trapped by the 
vegetation. Other older deposits, consisting of moderate 
yellowish brown loess and often exhibiting salt flores- 
censes, are found in the area represented by the southeast 
corner of Plate 4.
Eolian deposits which consist of both sand-and silt­
sized materials are designated on Plate 4 as Qe. The de­
posits occasionally take the form of dunes, but more fre­
quently occur as sediments which have been deposited on wet 
areas throughout Ash Meadows. These wet areas are probably 
the result of seepage over ground-water dams created by 
faulting in the alluvium. Finer wind transported materials 
are subject to capture on the damp, grassy land surface in 
the seepage area, and often accumulate to form another scarp 
roughly parallel to the fault scarp. Thus, the crudely 
linear features on Plate 4 which resulted from the mapping 
of these eolian deposits are probably paralleled by faults.
Admixtures of gravel, sand, silt and clay, some of which 
may be of eolian origin and later were subject to fluvial 
deposition, are delineated on Plate 4 as Qal. This map unit 
was designed to include materials of diverse origin which 
had in common a fluvial deposition. Thus, when gravels were
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subordinate to finer sediments, they were mapped as 
alluvium. Similarly, eolian deposits which had been re­
worked by fluvial processes were also considered to be 
alluvium. In the area east of the dune complex in Carson 
Slough, peat beds and overbank deposits were also 
considered alluvium.
Hydrostratigraphically, the above units have little or 
no significance. Formation of the large dunes in the center 
of the valley, however, has been a primary control on the 
direction of flow of surface water. Hydrogeologically, the 
eolian deposits are significant, as they not only mark areas 
of probable faulting in the alluvium, which in turn are 




The basin and Range Province is noted principally for 
three structural trends. These are low angle reverse faults, 
normal faults, and transcurrent faults. Although there is a 
diversity of opinion, it is believed that at least the first 
of these structures is essentially independent of the others. 
In the following discussion, each will be treated separately.
Low Angle Reverse Faults
Thrust faults are the outstanding feature of the Spring- 
Mountains and ranges to the north (Longwell et al., 1965, 
Plate 4). Fleck (1970) has recently reviewed the origin of 
these low angle reverse faults and has drawn the following 
conclusions concerning their character and origin: (1) 
Thrusting was preceded by folding. (2) Thrusting occurred 
on discrete surfaces which were not confined to incompetent 
units. (3) Fault breccia is minimal, generally occurring 
as a myIonized zone in the lower plate. (4) Deep-seated 
crustal shortening is postulated to be the thrusting mechan­
ism. Fleck (1970) determined that this thrust faulting 
transpired between approximately 75 and 90 m.y. ago (Seiver 
Orogeny) and that, in the Northern Spring Mountains, a min­
imum of 15 miles of composite lateral shortening has oc­
curred. The discrete nature of the fault plane and re­
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latively intact condition of the upper plate were considered 
to be indicative of high confining pressure.
Similar thrusts to those in the Northern Spring 
Mountains have been described by Barnes and Poole (1968) in 
the Specter Range and at the Nevada Test Site. At the Nev­
ada Test Site, these faults are described as essentially 
flat-lying and closely associated with folding, which pre­
ceded, accompanied, and followed thrusting. The major fault 
planes are often restricted to incompetent shales of the 
Carrara Formation. In the Specter Range, however, thrusting 
occurs in the form of a high angle reverse fault and is not 
restricted to incompetent units, but truncates Precambrian 
Quartzites. This high angle reverse fault, according to 
Barnes and Poole (1968), is probably representative of an 
intermediate area between a deeper root zone and other flat- 
lying faults.
Another distinct type of thrust fault was defined by 
Noble (1941) in the Southern Black Mountains. In this area, 
a flat-lying thrust plane, known as the Amargosa thrust, 
occurs between the later Precambrian sediments and earlier 
Precambrian metamorphics. Rocks in the upper plate of this 
thrust are broken and sheared so extensively that Noble 
(1941) referred to them as the "Amargosa chaos." Some of 
the characteristics of this thrust are: (1) The chaos 
(upper plate) is composed of imbricated elongate blocks 
whose axes lies parallel to the Amargosa thrust. These
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blocks have dimensions generally measured in hundreds of 
feet. (2) Blocks from widely separated stratigraphic 
horizons are often found in approximate juxtaposition.
(3) Folding was not a common adjustment mechanism associated 
with thrusting. (4) Rupture appears to have occurred along 
incompetent units within the upper plate. (5) Faults be­
tween blocks in the chaos do not dislocate the lower plate; 
many were observed to meet this surface at an acute angle 
and to steepen upward as they diverge from it. (6) The 
upper plate (Amargosa chaos) generally consists of younger 
rocks than the lower plate.
The above characteristics were considered by Noble 
(1941) to be indicative of thrusting at shallow depths with 
correspondingly light overburdens. In the Southern Black 
Mountains, Nobel (1941) considered that thrusting of this 
nature probably occurred in the middle and late Tertiary, 
but Drewes (1963), noting that older volcanics often intrude 
the thrust plane, has suggested that activity on the fault 
was limited to early and middle Tertiary time. This type 
of faulting, although with a less chaotic structure, is com­
mon to the Death Valley subsection of the Great Basin (Noble, 
1941; Hunt and Mabey, 1966).
In general, thrust faults common to the Amargosa Desert 
and vicinity can be classified into two general groups. The 
older group can be considered thrusts in which the upper 
plate is generally composed of strata older than the lower
plate, and are probably due to crustal shortening. The 
younger faults are generally found to have a youncrer over 
older relationship, and are believed to be essentially 
detachment thrust faults (Hunt and Mabey, 1966).
Transcurrent Faults
Based on the bending of fold axis and of thrust traces, 
along with strike and dip considerations, Longwell (1960) 
proposed that a zone of extensive right-lateral displace­
ment exists between the Spring Mountains and ranges to the 
north (Figure 4). This large transcurrent fault has acquired 
the name "Las Vegas shear zone" from Longwell (1960), who 
determined that lateral displacement in the vicinity of 
Northern Las Vegas Valley was at least 25 miles. This es­
timate was based upon the amount of straightening necessary 
to bring certain oroflexural trends into alignment. The 
oroflexural trends are probably the result of drag along 
the shear zone which caused bending of pre-existing thrusts 
and of overturned folds (Albers, 1967; Fleck, 1970). Other 
estimates, derived from isopach and facies maps, indicate 
that up to 40 miles of right-lateral displacement in the same 
area is possible (Steward et al., 1968).
Near the shear zone's northeast terminus in Mercury 
Valley, Burchfiel (1965) notes that most of the displace­
ment along the fault was oroflexural, and by correlation of 
structures across the shear zone, he found that 24 miles of
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right lateral offset is indicated. However, the high angle 
reverse fault (Specter Range Thrust, Plate 5) from which 
he obtained his correlation with thrust outliers in the 
Spotted Range has been reinterpreted by Barnes and Poole 
(1968). Although there is no reason to believe that these 
structures are unrelated, Barnes and Poole (1968) point out 
that the high angle reverse fault is probably representative 
of an intermediate zone between a deeper root zone and the 
flat-lying outlier of the thrust in the Spotted Range. Thus, 
Burchfiel's (1965) value for right lateral displacement in 
the Mercury Valley area may be over-estimated. Immediately 
north of the Specter Range essentially continuous outcrops 
of Tertiary and Paleozoic rocks indicate that little lateral 
crustal displacement has occurred in that area.
Longwell (1960) noting that.sedimentary units as young 
as Pliocene have been disturbed by the shear zone, con­
cluded that the fault may have been active through much of 
the Tertiary. Ekren et al. (1968) and Fleck (1970) con­
sider that movement is largely post-Oligocene. Burchfiel 
(1965a) noted the presence of north-and-northeast-striking 
oblique-slip faults which offset the basalt that caps Little 
Skull Mountain, east of Jackass Flats. Ekren (1968) has 
described a system of similar faults along the southeast 
edge of the Nevada test site which he considers to be a 
conjugate set related to the Las Vegas shear zone. As it 
is likely that the faults at Little Skull Mountain are of
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a similar origin, and as the basalt overlies the early 
Pliocene Timber Mountain Tuff, it is apparent that stresses 
related to the shear zone were active through the late 
Tertiary.
The Furance Creek fault zone is a nebulous feature 
which borders Death Valley on the northeast side of the 
basin. Oroflexural bending is present along its northwestern 
extreme and may be responsible for most of the right-lateral 
displacement along the fault in that area (Albers, 1967). 
However, along its central and southern extent, little 
evidence of oroflexural adjustment is present. McKee (1968) 
has concluded from his work and the work of previous inves­
tigators that approximately 30 miles of right-lateral dis­
placement is probable along the northern extreme of the 
fault zone. The fault has been active through at least the 
upper Pleistocene, as early Pleistocene gravels along the 
fault trace have been folded and faulted (Hunt and Mabey, 
1966). James Gilluly (in Hunt and Mabey, 1966) has pre­
sented evidence which indicates that vertical movement 
along the fault may have started as early as Oligocene time, 
but other investigators postulate activity since Jurassic 
time (Albers, 1967; McKee, 1968).
The southern terminus of the fault zone is still in 
dispute. Wright and Troxel (1967) postulate a terminus in 
the vicinity of Eagle Mountain, just south of the Amargosa 
Desert. As Hunt et al. (1966) note the presence of a ground­
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water barrier just north of Eagle Mountain, there may be 
some merit to this proposed alignment of the fault. How­
ever, Steward (1967) suggests that the fault bends south­
ward immediately south of Eagle Mountain, and later re­
joins the Death Valley fault in the vicinity of Tecopa, 
California. In Furance Creek Canyon, McAllister (1970), 
with the aid of very detailed mapping, has determined that 
the fault offsets fanglomerates no younger than Pliocene- 
Pleistocene, and displacement of this age occurs no further 
east than Navel Spring (California 26/2 13b). Thus, the 
horizontal and vertical components of movement noted by 
Noble and Wright (1954) in Furance Creek Canyon have no 
surficial expression in Pleistocene sediments east of Navel 
Spring.
Normal Faults
Ekren et al. (1968) have stratigraphically dated two 
distinct patterns of normal faulting at the Nevada Test 
Site. A northeast-and northwest-trending system of normal 
faults predates tuffs deposited about 17 m.y. ago (middle 
Miocene). This system displaces Paleozoic rocks with about 
the same frequency as older Tertiary rocks, and is believed 
to represent the first period of extensive normal faulting 
within the Great Basin.
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Sometime between 17 m.y. and 14 m.y. ago, north­
trending faults began to form (Ekren et al., 1968). How­
ever, vertical throw on these faults prior to 11 m.y. ago 
(early Pliocene) was limited, as ash<-flows were still 
relatively unrestricted by topographic features. Thus, 
typical Basin and Range topography, which is believed to 
be the result of the north-trending set of normal faults, 
probably did not exist until sometime after 11 m.y. ago 
(also Steward, 1971). By 7 m.y. ago (middle Pliocene) 
ash-flow tuffs were being deposited in distinct topographic 
basins similar to those which exist in the area today.
Ekren et al. (1968) notes that even these later tuffs are 
broken by north-trending faults, but displacements are 
usually less than 100 feet.
Structrual Geology of the Ash Meadows Thrust Fault
Two major structural features are to be found in the 
Paleozoic strata immediately east of Ash Meadows. These 
structures have been mapped by the author in an area located 
four miles due east of Big Spring (Plate 2). The structures 
consist of a thrust fault, referred to in this report as 
the Ash Meadows thrust fault, and an anticline which post­
dates thrusting. The two structures are not genetically 
related, and folding probably followed thrusting with a 
considerable time lag.
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The thrust plane occurs in and is restricted to the 
upper calcareous shales of the Carrara Formation. At the 
southwest end of the thrust shown on Plate 2, all of the 
upper shales have been gouged out, and the thrust consists 
of a pale orange pink breccia zone several feet thick. As 
this zone is similar in appearance to the Tertiary fresh­
water limestone which overlaps it at this location, it is 
probable that ground water flowing through an ancestral 
carbonate aquifer is responsible for alteration of the 
breccia zone and the deposition of the Tertiary limestone. 
Maximum development of the breccia zone and of the gouged 
out zone in the lower plate is located in this area, and 
both phenomena attenuate to the east. As shown on the 
northwestern extreme of Plate 2, where the thrust leaves 
the mapped area, the thrust is represented by little more 
than a well developed bedding plane fault.
Close inspection of the thrust reveals that the upper 
plate has not moved as one complete mass, but rather as a 
number of large blocks, separated by tear faults. The 
tear faults, which are usually steeply dipping at the top 
of the cliff formed by the Bonanza King Formation, bend 
westward deeper in the section and curve under each block. 
Beneath the blocks, the tear faults are nearly flat-lying 
and generally terminate at a very gentle angle against the 
next tear fault, which generally dips westward also. In
this manner, a continuous thrust plane composed of these 
lesser faults is formed. Movement was apparently greatest 
at the southwestern extreme of the thrust plane, since this 
is the zone of greatest brecciation and where much of the 
lower plate has been gouged out. Movement probably decreased 
eastward across the thrust plane, as a feathering out of the 
thrust occurs in that direction, apparently caused by de­
creased relative movement on each tear fault between blocks 
to the east. In general, the composition of the upper 
plate is similar to the chaos described by Noble (1941) in 
the Black Mountains.
North of the thrust plane outcrop, the tear faults 
trend northwest across the dip slope of the Bonanza King 
Formation, This trend is identical to that of faults map­
ped by Denney and Drewes (1965, Plate 4) in the Devils Hole 
area. Careful examination of these faults on aerial photo­
graphs and on the geologic map constructed by Denney and 
Drewes (1965) reveal that the faults strike consistently 
north-northeast along relatively straight trends; apparent 
curvature in the mapped trends of Denney and Drewes (1965) 
is almost always due to the topographic influence on slop­
ing fault planes. Denney and Drewes (1965) also note that 
throw on these faults rarely exceeds 200 feet, and their 
Plate 4 indicates that the western-most block is usually 
upthrown with regard to the eastern-most block. This
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consistent behavior can be explained by assuming that these 
are tear faults and that they feather out away from a deep 
gouge zone to the east, as occurs on the east side of the 
thrust plane shown in Plate 2. That the thrust plane is 
also below Devils Hole and that these faults are tear faults 
related to the Ash Meadows thrust is a logical conclusion 
from the above observations.
Tertiary limestones shown on Plate 2 which were de­
posited on the lower plate of the thrust were subsequently 
caught up in the tectonism forming the west-northwest trend­
ing anticline. Assuming that the limestones are late Ter­
tiary equivalents of those near Ash Meadows Lodge, the 
thrust is pre-late Tertiary and the anticline is post-late 
Tertiary. The anticline is overturned, as evidenced by 
the overturned strikes and dips in the Carrara Formation 
along its southern periphery. The axial plane, which strikes 
west-northwest and dips to the north, is not shown on Plate 
2 because the abundance of contact and fault traces would 
have obscured its trend. Anticlinal arching is attributed 
to horizontal loading along the southern periphery of the 
anticline, but the mechanism causing this stress remains 
unknown.
Turtleback type slump blocks, caused by anticlinal 
arching, occur in the Bonanza King Formation at the south­
west end of the anticline. The mechanism is similar to 
that which has operated along the Keene Wonder fault in
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Death Valley (Hunt and Mabey, 1966), where blocks along 
the flank of the anticline are downthrown relative to the 
upward arching at the center of the anticline. The wedge- 
shaped blocks shown on Plate 2 utilize the thrust plane 
as a zone of weakness along the east side of the downthi'own 
zone, but break through the lower plate along the west side.
The strike-slip fault across the nose of the anti­
cline in the Bonanza King Formation is also attributed to 
the emplacement of the anticline.
The occurrence of Tertiary limestones overlapping the 
lower plate of the thrust fault at the point of maximum 
development of brecciation and gouging is suggestive of 
an interaction between ground water and thrusting. If, 
as previously suggested under the discussion of Late Ter­
tiary Valley Fill, these limestones are the result of 
ancestral discharge from the carbonate aquifer, then it 
follows that the aquifer was saturated after thrusting had 
occurred, and was probably saturated prior to thrusting 
also. A zone of saturation in the Bonanza King Formation 
above the thrust plane would have facilitated a gravity 
mechanism by creating a neutral stress to counter the ef­
fective stress. The chaotic character of this thrust in­
dicates that it is similar in origin to the Amargosa thrust 
described by Noble (1941), Thus, detachment and gravity 
sliding are probably the chief mechanisms of its origin, 
while saturation of the carbonate rocks above the clastic
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aquitard and an incompetent zone in the Carrara Formation 
may have been necessary peripheral conditions for its 
formation. From the trend of the tear faults, motion 
must have been toward the south-southeast, and for the 
gravity mechanism to operate, a general highland would 
have had to occupy the area to the north.
As previously discussed under Precambrian and Paleo­
zoic hydrostratigraphy, the carbonate aquifer is believed 
to be the result of fracturing of Paleozoic carbonate rocks. 
The upper plate of thrusts in these rocks were noted to be 
very effective transmitters of ground water. The above 
discussion of the chaotic character of the upper plate may 
explain these aquifer characteristics of thrust faults, at 
least in the Ash Meadows area. In contrast to the deep 
seated thrusts described by Fleck (1970), where thrusting 
has occurred on discrete planes, the Ash Meadows thrust 
fault is a composite of thrusting on many small elongate 
blocks. Each block is jointed and shattered internally by 
smaller faults, probably as a result of low confining 
pressure. In the field, this shattering is evidenced by the 
disturbed bedding within each block and by the formation of 
small caves in zones of maximum shattering. These caves 
have been previously described by Winograd et al. (1971), 
who attribute them to the weathering out of joint and fault 
blocks on cliff faces. This mechanism is especially evident
above the thrust plate at Ash Meadows, where the cliff 
face, composed of the Bonanza King Formation, is densely 
pockmarked with these small caves. The ease with which 
these caves appear to form is probably related to the 
presence of open fractures around each joint block.
It has previously been noted that aquifer character­
istics obtained from wells which penetrate the upper plate 
of a thrust fault composed of the Bonanza King Formation 
and which are located about eight miles northeast of Ash 
Meadows indicate that the carbonate aquifer at that locality 
has very high transmissivities. If the thrust at this site 
is of a similar origin as the Ash Meadows thrust fault, as 
the author suspects, an aquifer possessing very high tran­
smissivities may exist in the area northeast of Ash Meadows 
as a result of these and similar thrusts between the two 
sites.
Structural Trends in Southern Amargosa Desert
Two distinct structural trends are visible in the 
Cenozoic valley fill of the Southern Amargosa Desert. 
Essentially west-trending anticlines occur in the late 
Tertiary playa lake sediments along the southwest periphery 
of the area mapped (Plate 1). The anticlines are generally 
symmetrical, and on occasion have been broken by north­
trending normal faults. The north-trending and north
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northwest-trending faults displace both the Tertiary sedi­
ments and the Pleistocene valley fill. A normal fault just 
west of Devils Hole displaces older pediment gravels with 
a vertical throw of at least 20 feet. At Fairbanks Butte, 
displacement between limestone caps is at least 100 feet.
Although most of these faults are probably tectonic 
in origin, some may be compaction features similar to those 
described by Maxey and Jameson (1948) in Las Vegas Valley.
In particular, those faults closely associated with eolian 
deposits (see previous discussion under Pleistocene and 
Recent Sediments) in the area represented by the southeast 
corner of Plate 1 may be of this origin. These faults are 
not delineated on Plate 1, but they are believed to parallel 
the eolian deposits. In particular, the elongate eolian 
deposits in sec. 29 T.18S., R.51E could be a compaction 
scarp resulting from accumulation of eolian products on a 
wet area which paralleled compaction faulting. The west 
side of this deposit does form a definite topographic scarp, 
and it is generally sub-parallel to topographic contours in 
the area. However, most of the scarps along the east side 
of the valley are believed by the author to be surficial 
expressions of a master fault in the bedrock at depth.
In summary, surficial structures indicate that north- 
south compressional stresses folded the Tertiary sediments, 
subsequent to which east-west tensional stresses caused 
normal faults in the Cenozoic valley fill. The compressional
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stresses may have affected the Pleistocene valley fill as 
well, as the older Pleistocene sediments in the Clay Camp 
area also bear evidence of compressional disturbance (see 
discussion under Early Pleistocene Valley Fill) .
From gravity work by Healy and Miller (1971) an idea 
of the configuration of the rocks below the Pleistocene 
valley fill can be obtained. Their bouguer gravity anomaly 
map has been reproduced in part on Plate 3. One obvious 
feature of Plate 3 is the gravity high which traverses the 
southern Amargosa Desert from southeast to northwest. As 
the high parallels a lineament composed of Tertiary out­
crops, it is probable that the Tertiary sediments are not 
deeply buried below the Pleistocene valley fill along the 
gravity high. On either side of this partially buried 
ridge of Tertiary sediments, gravity lows indicate that 
thick sections of Pleistocene sediments may be present. 
However, the bouguer anomalies themselves are probably the 
results of the configuration of the pre-Cenozoic rocks be­
low the desert surface rather than any density contrast 
between Cenozoic rocks. Thus, the northwest-trending gravity- 
high probably reflects a ridge of pre-Cenozoic rocks which 
parallels the California-Nevada state line. As the over- 
lying Tertiary sediments, with which the density contrast 
responsible for the bouguer anomaly occurs, are tectonically 
disturbed, it is probable that geologic structures in these 
younger sediments reflect stress patterns that existed in
the Pre-Cenozoic rocks.
On each side of the gravity high, the anomaly slopes 
gently into gravity basins. These basins, which also re­
flect the configuration of the pre-Cenozoic rocks at depth, 
are bounded on the east and west sides of the Amargosa 
Desert by rather steep slopes in the gravity anomalies.
Healy and Miller (1971) interpret these high slopes as 
reflecting master faults in the pre-Cenozoic rocks below 
the Amargosa Desert. These master faults are delineated 
on Figure 1 in approximately the same position as indicated 
by Healy and Miller (1971). The master fault along the 
east side of the desert is believed by the author to be 
reflected in the Cenozoic sediments as the north-trending 
normal faults at Ash Meadows. From the configuration of 
the anomaly contours, the impression is obtained that after 
north-south compression of the Tertiary sediments, ten- 
sional stresses rent the floor of the desert apart, leaving 
basins north and south of the ridge of Tertiary sediments.
Enough data are available in the Amargosa Desert to 
speculate on a mechanism for the formation of the above 
structures. From the previous discussion it is feasible 
that the Las Vegas shear zone and the Furance Creek fault 
zone wejre active during the time of emplacement of the above 
structures. The terminal ends of these fault zones in the 
vicinity of the Amargosa Desert are poorly understood. 
However, if it is assumed that they terminate in the
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approximate position shown on Figure 1, which as previously 
noted, is not an unlikely possibility, then stresses re­
lated to the formation of these transcurrent faults, or 
directly caused by them, may have affected the graben block 
below the Central Amargosa Desert. In particular, as both 
were active through at least the Pliocene, have the same 
relative movement, and terminate in the vicinity of the 
Amargosa Desert, a shifting of stresses from one zone to 
the other may have caused a deep, perhaps subcrustal, clock­
wise shear couple to affect the Central Amargosa Desert. 
Initially, this couple would have caused north-south com- 
pressional stresses to distort the graben block below the 
desert, as indicated in Figure 1. After a certain amount 
of movement of the shear couple, east-west tensional 
stresses would replace the compressional stresses as the 
operating stress system, and north-trending normal faulting 
would have occurred. Whether this mechanism actually 
operated is debatable, but it is a logical and not unreason­
able method of explaining the structure of the Amargosa Des­
ert.
The hydrogeologic consequences of these structures are 
chiefly in the form of barriers to ground-water flow. These 




For the purposes of the following discussion, the 
nomenclature employed by Winograd (1971) and Winograd et 
al* (1971) to describe the sub-areas of the Southern 
Amargosa Desert has been modified and extended for use in 
this report. These sub-areas are illustrated in Figure 9.
Analytical Methods
All water analyses utilized in this report are listed 
in the Appendices according to location number and date. 
Location numbers are used to identify analyses in the fol­
lowing discussion. In the unsurveyed townships in the 
general vicinity of the Nevada Test site, the Nevada co­
ordinate system is utilized as a location number, while 
south of the Nevada Test Site, the township-range system 
is used. In Nevada, the townships are related to the Mount 
Diablo base line, while California townships use the San 
Bernadino base line. Thus, in California all townships 
are located to the "north", while in Nevada they are located 
to the south" of their respective base lines. All ranges 
are located to the east of their respective meridians.
These directional designations have been left off of the 
abbreviated township—range notation in order to maintain
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brevity. As the township-range numbers are themselves 
distinctive in each case, little problem should be en­
countered in locating the sample points of these analyses.
A number of water analyses for Southern Amargosa Desert 
have been recorded and published since 1956. As sig­
nificantly different analyses are sometimes recorded for 
the same location, and as the areal distribution of the 
character of ground water is a prime consideration of this
report, it was necessary to devise a criteria of selection.
/
The most recent data available were selected wherever 
possible in this report. For the common gross ions, about 
70% of analyses selected were collected in the calendar 
years 1970, 1971 and 1972. The other 30% of the analyses 
represent locations where either only a single earlier 
analysis was available, or where the later analysis had 
an inferior ionic balance as compared to earlier data, and 
the later analysis was suspected of being in error. In 
cases where only a single analysis was available, published 
data were accepted unless a very obvious incongruity was 
noted.
Within this report, the majority of the analyses 
originated from two sources: the United States Geological 
Survey and the United States Bureau of Reclamation. In 
addition to these sources, the Desert Research Institute, 
as part of a grant from the Office of Water Resources Re­
search, Department of Interior, carried out an active/
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sample collection and analysis program during the calendar 
years 1971 and 1972.
Several methods were used to bring some meaning to 
this mass of data. Piper's (1944) method of modifying 
trilinear diagrams for analysis of ground water was found 
useful in explaining mixing and ion exchange phenomena, and 
in classifying ground water. Rose diagrams (also referred 
to as pie diagrams) were used to illustrate water qualities 
on a regional basis. Rose diagrams are based upon the con­
cept that the seven most common ions found in ground water 
can be divided into four basic categories of similar chemical 
character. Graphically, these four groupings are scaled 
off into the four cartesian quadrants, depending upon the 
summed milliequivalents per liter each represents (see key 
of Plate 5). Thus, alkali and alkaline earth cations each 
occupy a separate quadrant, bicarbonate plus whatever de­
tectable carbonate present occupy a third quadrant, and sul­
fate plus chloride occupy the fourth quadrant.
Schoff and Moore (1964) used these groupings as a basis 
for a classification scheme of ground water at the Nevada 
Test Site and vicinity. In their scheme, waters were typed 
as to the dominant grouping of ionic species within either 
the cations or the anions, dominance being defined as a 
group consisting of at least 60% of the anions or cations 
present, in milliequivalents per million. If no grouping
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of anion or cation species is dominant, then that combina­
tion of ions is referred to as mixed. For example, if a 
particular analysis indicated that at least 60% of the 
cations, based upon summed epm, were calcium and magnesium, 
while bicarbonate was similarly dominant with regard to 
the unions, the water would be referred to as a calcium- 
magnesium bicarbonate type. As sodium, bicarbonate and 
sulfate are usually dominant within their grouping, these 
groupings are referred to by the dominant ion name. Thus, 
a water with a dominance of sodium plus potassium (alkali 
ions) and sulfate plus chloride would be referred to as a 
sodium sulfate type. This classification system has been 
adopted in this report, and its application to ground water 
in the Amargosa Desert and vicinity is illustrated in Fig­
ure 10.
In addition to the above, areal distribution of cer­
tain chemical parameters in the Amarogsa Desert were obtained 
by contouring these parameters on base maps of the area. 
Isopleth maps of sodium plus potassium, ppm; summed ionic 
constituents, ppm; silica, ppm; and percentage calcium of 
calcium plus magnesium were prepared. Sodium plus potas­
sium was chosen because Schoff and Moore (1964) and Wino- 
grad (1971) have noted that it serves as a natural tracer.
That is, once added to a flow system, it is not easily re­
moved by natural means. The summed ionic constituents 
isopleths are useful because this parameter tends to in-
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crease with residence time in the flow system. Thus, waters 
from the sink of a flow system should have a higher salt 
load than water from the source. In order that all data be 
made compatible, summed ionic constituents were used rather 
than total dissolved solids, as many analyses do not record 
total dissolved solids. Silica was favored as it would be 
naturally greater in waters derived from glassy volcanic 
terrains as opposed to those from carbonate rocks. The 
selection of calcium to magnesium percentage, which in this 
report is defined as 100 times the calcium content divided 
by the calcium plus magnesium content, both in epm, is 
based largely on the work of Meisler and Becher (1967), who 
note that the Ca j Mg ratio of dolomitic terrains ap­
proaches one. Their investigation suggests that terrains 
of different lithologies should have different ratios. Also, 
as the percentage reflects only relative concentrations of 
the two species, mechanisms such as simple dilution which 
affect both the calcium and magnesium concentration equally 
will have but slight effect on the ratio. However, mecha­
nisms which affect them unequally, such as ion exchange, can 
cause abrupt changes in the ratio. A percentage, rather 
than a ratio, was selected by the author for use in this 
report because a percentage is more adaptable to isopleth 
contouring.
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Ash Meadows Discharge Area
As noted in the previous discussion of Precambrian 
and Paleozoic hydrostratigraphy, the major regional aquifer 
is believed to be the thick stratigraphic section of Paleo­
zoic carbonate rocks. It has also been generally assumed 
that major springs in the region receive their recharge 
from the higher carbonate mountain ranges, as these ranges 
receive the greater percentage of the precipitation which 
falls within the region. Available data from the higher 
ranges, such as the Spring Mountains, where the Paleozoic 
section is composed largely of limestones and dolomites, 
indicate that ground water from these terrains typically 
has a calcium-magnesium bicarbonate character (Figure 10 
and Plate 5). However, discharge from the carbonate aquifer 
at Ash Meadows has a mixed bicarbonate character, with a 
large sulfate component. Winograd (1971) has already noted 
the probable absence of evaporites in the Paleozoic section 
which could possibly account for the sodium and sulfate com­
ponents of the water quality at Ash Meadows. Thus, the 
presence of these components in water from the carbonate 
aquifer must be explained.
The presence of the sodium and sulfate components in 
the discharge at Ash Meadows does not preclude a source 
in the higher carbonate ranges. Evidence that the bulk of 
the water discharging at Ash Meadows originates in recharge 
areas composed of dolomitic strata can be obtained by com­
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paring calcium to magnesium percentages of water from 
aquifers at various locations in the region surrounding 
Ash Meadows (Table 4). Analyses from the Tertiary aquifer 
generally yields a calcium to magnesium percentage on the 
order of 80%, while those from Ash Meadows and from wells 
and springs in the carbonate aquifer to the east of Ash 
Meadows, including the Spring Mountains area, yield a 
calcium to magnesium percentage of about 60% (also see
Plate 9). Meisler and Becher (1967) note that springs from
. . + + ' +  +dolomite strata almost invariably yield a Ca • : Mg ratio
of one, or a calcium to magneisum percentage of 50%. Waters 
in the carbonate aquifer in the region to the east of Ash 
Meadows possess a calcium to magneisum percentage that is 
probably indicative of a source area consisting of dolomitic 
limestone and/or interbedded limestone and dolomite. As 
the lower Paleozoic rocks in this region are largely dolo­
mites or dolomitic limestones, this calcium to magnesium 
percentage is not unrealistic. The regional significance 
of the calcium to magnesium percentage is that it is es­
sentially unchanging from a typical carbonate recharge area, 
the Spring Mountains, to the point of discharge, whether 
it be Pahrump Valley or Ash Meadows. For discharge at Ash 
Meadow's, the fact that the percentage remains at this level 
indicates that the greater bulk of the discharge in this 














79-61 ' Tonopah Spr. 81 99 Tertiary Aquifer Jackass Flats
73-58 Well J12 77 211 ' Tertiary Aquifer Jackass Flats
73-70 Well 5B 77 578 Tertiary Aquitard Frenchman Flat
75-73 Test Well 3 60 600 Carbonate Aquifer Frenchman Flat
16/53 4b Army 1 58 438 Carbonate Aquifer Mercury Valley
16/56
16bb




Devils Hole 59 557 Carbonate Aquifer Ash Meadows
18/51
7dbb
Indian Seep 62 555 Carbonate Aquifer Ash Meadows
18/55
20cba
Wheeler W ell 57 516 Alluvial Aquifer Sp. Mountains
19/53
34ac
Wilcox Well 61 367 Alluvial Aquifer Pahrump Valley
21/54
3adc
Manse Spr. 58 337 Alluvial Aquifer Pahrump Valley
Schoff and Moore (1964) r and more recently Winograd 
(1971) t have investigated sources of sodium for waters 
having a sodium bicarbonate character in and around the 
Nevada Test site. A strong case can be made for the leach­
ing of sodium from glassy rhyolitic material occurring in 
the alluvial and Tertiary aquifers and aquitards. However, 
as a source of sodium to form the mixed bicarbonate facies 
at Ash Meadows, Winograd (1971) notes that ground water from 
rhyolitic terrains will not yield sufficient sodium to 
account for the entire sodium component in the underlying 
carbonate aquifer at the Nevada Test Site. Instead, Wino­
grad (1971) suggests that the Tertiary aquitard, which 
directly overlies the carbonate aquifer and underlies the 
Tertiary aquifer in the eastern Nevada Test Site, may be 
the source of not only the sodium component, but also the 
sulfate component. The Tertiary aquifer in this area is a 
complex of gypsiferous sedimentary units and sodium-rich 
zeolitized tuffs.
Throughout most of the Nevada Test Site, water in the 
basal Tertiary aquitard is perched above the underlying 
carbonate aquifer. Winograd (1971) notes that the salt 
load of ground water within this basal Tertiary aquitard 
increases with depth. This is attributed to the leaching 
of sodium from zeolitic units and calcium sulfate from 
gypsiferous units as downward crossflow through the aquitard 
occurs. Winograd (1971, Table 6) observed this phenomenon
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in well 73-G6, where the analysis of water from the deepest 
interval sampled in the Tertiary aquitard, although high 
in dissolved solids, indicates an almost complete absence 
of calcium and magnesium (Figure 10, analysis 1). Sim­
ilarly, the analysis for water from the Tertiary aquitard 
in well 73-70 also indicates an almost complete lack of 
calcium and magnesium (Figure 10, analysis 2; and Plate 5).
The almost complete absence of calcium and magnesium in 
the ground water of the Tertiary aquitard is attributed by 
Winograd (1971) to cation exchange within the zeolitic and 
argillaceous units of the Tertiary aquitard. Whatever cal­
cium or magnesium may enter the aquitard from above, or 
may be leached from gypsiferous units within the aquitard, 
is subject to removal by cation exchange before leaving 
the aquitard. From the above discussion, it is evident 
that if water of this chemical character were mixed with 
water from the carbonate aquifer, the calcium to magnesium 
percentage of the water in the carbonate aquifer would be 
little affected. To paraphrase Winograd (1971, p. 108), 
downward crossflow of inferior water from the Tertiary 
aquitard is the principal factor changing the chemistry 
of water in the carbonate aquifer .between recharge and dis­
charge areas. This crossflow is estimated to range from 
1 to 20 percent, with the lower figure believed more accurate.
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Downward crossflow through the Tertiary aquitard and 
subsequent mixing with ground water in the carbonate aqui­
fer, then, may be a feasible mechanism for deriving the 
water quality of discharge at Ash Meadows. As the inter- 
montane areas east of the Nevada Test Site are also be­
lieved to be underlain by the Tertiary aquitard and car­
bonate aquifer (Winograd, 1971) it is reasonable to suspect 
that the higher carbonate ranges in this area are the re­
charge area for the discharge at Ash Meadows. On Plate 5, 
it can be seen that the only area where the clastic aqui­
tard does not crop out between the carbonate ranges to the 
east and northeast is in the Specter Range, northeast of 
Ash Meadows. Thus, hydrostratigraphy also indicates that 
the discharge at Ash Meadows probably enters the Amargosa 
Desert from the northeast, via the carbonate aquifer.
Utilizing hydrochemistry, Schoff and Moore (1964) made 
several significant contributions to the understanding of 
the direction of ground-water flow in the area north and 
east of the Specter Range. As applicable to this report, 
some of the more salient observations of Schoff and Moore 
(1964, pp. 55-61) were:
(1) If the amount of dissolved solids is meaningful, 
the water of Indian Spring Valley might be 
flowing westward into Mercury Valley or north­
ward into Frenchman Flat, but a reverse move­
ment in the opposite direction is unlikely.
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(2) The water in the carbonate rocks is not moving 
southward from the (Nevada) Test Site to Indian 
Spring Valley. If it did so, the waters of 
Indian Spring Valley would contain more sodium, 
and also would probably be higher in dissolved 
solids.
(3) The water in the carbonate rocks of the (Nevada) 
Test Site may be moving toward the Amargosa 
Desert, where the water is of a mixed chemical 
character, have a generous amount of sodium, 
and are more concentrated than those within the 
(Nevada) Test Site. Not all the water reaching 
the Amargosa Desert, however, need come from 
the (Nevada) Test Site.
They also note that calcium-magnesium bicarbonate waters 
of Indian Spring Valley probably originate in the Spring 
Mountains (Plate 5).
North of the Specter Range, Winograd (1971, Figure 3) 
has described a north-trending potentiometric trough in 
the carbonate aquifer (also see discussion under Hydro­
geology) . Water from well 75-73, located in the carbonate 
aquifer on the east flank of this trough in Frenchman Flat, 
has a mixed bicarbonate character similar to discharge at 
Ash Meadows (Plate 5; Figure 11, analysis 9). As the water 
from this well already has high sodium and sulfate compon­
ents, Winograd (1971) suggests that water moving through 
the carbonate aquifer from the area east of this well, 
possibly from as far away as Pahranagat Valley which con­
tains a calcium-magnesium bicarbonate water, obtains from 
downward crossflow through the Tertiary aquitard enough 
sodium and sulfate components so that by the time it arrives 
at the location of this well, a mixed bicarbonate water
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similar to that at Ash Meadows results. The calcium to 
magnesium percentage of waters from this well is also 
indicative of a primary source in the higher carbonate 
ranges, as it is at the level (60%) recorded for water 
from carbonate terrains in this area (Table 4). It should 
be noted, however, that the water from well 75-73 contains 
at least 40 ppm greater summed ionic constituents than the 
discharge at Ash Meadows. Thus, it cannot be responsible 
for the entire discharge at Ash Meadows and must be sub­
ject to a dilution factor by water of a similar chemical 
character before arriving at Ash Meadows.
The strong possibility of movement of ground water in 
the carbonate aquifer from the Indian Spring area to Mer­
cury Valley was noted by Schoff and Moore (1964). A likely 
end member of this movement in Mercury Valley is water from 
well 16/53 4b, which has greater summed ionic constituents 
than the water from Indian Spring Valley, and also larger 
sodium and sulfate components (Figure 11, analyses 5 and 
10). This well is also located on the east flank of the 
aforementioned potentiometric trough in the carbonate 
aquifer north of the Specter Range. Well 73-70, which also 
penetrates the carbonate aquifer, is located on the west 
flank of the potentiometric trough. If it is assumed that 
mixing of waters of various origins occurs in this trough, 
or below the Specter Range down gradient from this trough, 
by plotting analyses of these waters on the rhombic center
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FIGURE II. MIXING NORTH OF SPECTER RANGE
LOCATION
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8. 16/51 27bo












02/-/ 6 8  504 
05/10/62 600<ji 
02/28/64 2S8 Q
Points 1,2,3, and 4 from Devils Hole.
Points 5 and 6 from carbonate aquifer 
southeast and northwest of Specter Range. 
Point 7 from tertiary aquitard. Points 8 8  
9 from carbonate aquifer, Amargosa 
Flat and Frenchmen Flat. Point 10 
from carbonote aquifer between 
Indian Springs and Specter Ronge.
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of a Piper diagram, the feasibility of such a scheme can 
be ascertained. Representative of flow from the west, 
an analysis of water from well 73-70 (Figure 11, analysis 
6) was used, while downward crossflow through the Tertiary 
aquitard is represented by water from well 73-66 (analysis 
7, Figure 11). These two analyses plus the Mercury Valley 
analysis, which is used to represent flow from the east, 
surround analyses for Devils Hole (Figure 11, analyses 1-4) 
and indicate that it is possible to mix these diverse waters 
(Piper, 1944) and account for the chemical character of the 
discharge at Ash Meadows. Waters represented by wells 73- 
66 and well 16/53 4b would have to be appropriately weighted 
to compensate for crossflow from the Tertiary aquitard and 
for flow from east of Frenchman Flat, as these latter waters 
have a higher salt load than water from Devils Hole.
The above discussion can only be approached qualita­
tively at this time due to the many assumptions it contains, 
Winograd (1971) notes that the specific assumption con­
cerning the chemical character of downward crossflow from 
the Tertiary aquitard may be unjustified because the final 
product of this crossflow as it leaves the Tertiary aquitard 
hqs never been sampled. The author suspects that the ion 
exchange capacity of the zeolites and clays, of which the 
Tertiary aquitard is largely composed, would effectively 
remove almost all of the calcium and magnesium and part of 
the bicarbonate from this water before it left the aquitard.
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In fact, if a straight line is projected through the points 
representing analyses from the east side of the potentio- 
metric trough (Figure 11, analyses 5, 9 and 10) to a point 
near the zero percentage value for calcium plus magnesium 
on Figure 11, this point could represent the ideal character 
of this downward crossflow. Mixing of this idealized water 
from the Tertiary aquitard with calcium-magnesium bicar­
bonate water of the carbonate aquifer would necessitate
that the amount of flow from the west be a_negligible com-
/ponent of the mixing phenomenon. As the recharge to the 
carbonate aquifer west of the trough is probably very small 
(Rush, 1971), this idealized mixing model may conform better 
with actual conditions.
The implications of adding a water with a high bicar­
bonate content to a flow system with a water possessing a 
calcium-magnesium bicarbonate character has largely been 
ignored by previous investigators of the region. If the 
bicarbonate species is added in quantity to a water sat­
urated or near saturation with respect to calcite, the com­
mon ion effect should be sufficient to cause supersaturation 
and precipitation of calcite (and possibly dolomite). In 
order to determine if ground water of the Amargosa Desert 
and vicinity is saturated with respect to calcite, the 
author employed the necessary temperature corrected equil­
ibrium constants to calculate activity products for calcite 
and the partial pressure of carbon dioxide (?c q ) necessary
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to maintain a carbonate system in equilibrium at a theo­
retical air-water interface (Table 5). These calculations, 
made only for those locations where accurate field determina­
tions were available, indicate that waters from Manse 
Spring (21/53 3ad) and Indian Spring (16/56 16bb), located 
at the base of the Spring Mountains but on opposite sides 
of the range, are slightly undersaturated with respect to 
calcite, and have a P^q approximately 30 times greater 
than that which the atmosphere can provide. Water from well 
18/50 20cb, which is located near the summit of Wheeler 
Pass in the Spring Mountains, is slightly supersaturated 
with respect to calcite, and has a Pc q approximately 20 
times that expected from the atmosphere. In the Ash 
Meadows discharge area, saturation with respect to calcite 
ranges from slight undersaturation to slight supersaturation, 
while the Pc  ̂ necessary to maintain the carbonate system 
in equilibrium is approximately 40 times that found in the 
atmosphere. As saturation or near saturation conditions 
exist from source to sink in the system, the activity product 
gives little indication of the common ion effect due to 
leakage from the Tertiary aquitard. However, the increase 
in calculated Pc q of the flow system between the calcium- 
magnesium bicarbonate waters of Indian Spring and the mixed 
bicarbonate waters of Ash Meadows may at least partially 
result from the addition of water with a high bicarbonate 
content derived from the Tertiary aquitard. Unless the
105
Table 5.





HC0“ Temp. Product 










Calcium-Magnesium Bicarbonate Waters_ o
18/55 7.7 362 50 10 io"8*13 + .17 5^5x10*"3
20cb
16/56 7.4 238 79 io“8’45 io“8’35 -.13 9.7xl0~3
16bb





300 81 io“8'48 io“8*37 -.16 1.5xl0-2
9ad
17/50 7.4 303 81 10-8-37 10-8-37 -.01 1.2x10“2
22ab
18/51 7.3 309 89 H* O I C
O to 10‘8-42 -.01 1.7xl0~2
7dbb
(Devils Hole) 
Surface 7.5 304 92 io“8*25 10-8.44 + .26 l.lxio"2
10 Feet 7.45 304 92 10-8-30 lo'8'44 + .19 1.2xl0~2
50 Feet 7.41 300 92 io“8*34 io‘8-44 + .13 1.3xl0~2
100 Feet 7.41 304 92 10-8-36 lo"8*44 + .11 l.lxlO-2
♦Change in free energy applies to equation: 
CaC03 -> Ca++ + C0~
Where: F < 0, reaction takes place spontaneously.
F > 0, reaction cannot take place unless energy supplied 
from external source.
F = 0, reaction mixture at equilibrium.
Source: Krauskopf, 1967
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addition of bicarbonate is insignificant in comparison to 
the increase in ionic strength of the solution, it is 
likely that the addition of bicarbonate would cause pre­
cipitation of calcite from the flow system. Therefore, 
the common ion effect could also hamper the mixing model 
previously described.
Between the Specter Range and Ash Meadows, two ana­
lyses are available of water from the carbonate aquifer 
(Plate 5). Well 16/51 27ba, which is perforated only in 
the carbonate aquifer, provided the water for one of these 
analyses, while the water for the other analysis was drawn 
from well 16/52 8c, which is probably perforated in both 
the alluvial and carbonate aquifers (Winograd et al., 1971) . 
Except for notably lower summed ionic constituents of 50 to 
60 ppm (Table 6), water from these wells has a chemical 
character similar to the discharge at Ash Meadows (Figure 
11, analysis 10). Winograd (1971) suggests that the lower 
dissolved salt content of water of wells in the alluvial 
aquifer to the east of Amargosa Flat is the result of 
dilution by local recharge. However, it is difficult to 
visualize this mechanism operating in the area of well 
16/51 27ba, which is only perforated within the carbonate 
aquifer and is probably overlain by several hundred feet 
of Tertiary aquitard (Johnston, 1968) . As the author has 
no viable explanation for the water quality from these 
wells, it is left unexplained.
Most of the large springs at Ash Meadows, which are 
believed to derive their water from the carbonate aquifer 
(VJinograd, 1971) , possess a similar chemical character, as 
indicated by the small area they encompass on a Piper dia­
gram (Figure 10). Big Spring (18/51 19ac), discharging 
approximately 1,000 gpm (Walker and Eakin, 1963) is an ex­
ception to the above, as its discharge contains 50 to 80 ppm 
more summed ionic constituents than the other large springs 
and presently has a mixed cation-mixed anion character (Fig­
ure 10 and Table 6). As will be noted in the section en­
titled Hydrochemical evidence of underflow from Pahrump 
Valley, it is improbable that underflow from Pahrump Valley 
is directly related to the unusual chemical character of 
Big Spring because Last Chance Spring, which would represent 
the chemical character of the end product of underflow, has 
a lower salt load than even those springs discharging directly 
from the carbonate aquifer. From the Piper diagram plot of 
this spring discharge (Figure 10) it is probable that the 
chemical character of this spring is a combination of water 
derived from the Tertiary aquitard in the area of the spring 
and of flow from the carbonate aquifer at depth. The physical 
mechanism is probably related to the strong vertical gra­
dient which is known to exist in discharge areas (Toth, 1963) 
and to a possible extension of the master fault into the 
area of Big Spring. Water leaving the carbonate aquifer in 
this area may have to pass through the Tertiary aquitard via
Tabic 6
Comparison of Water Qualities
Location Date Source Slimmed Ionic Constituents CA++ + Mg++
+ + Na + K HC0.T + C0~" 3 3 S0„ + Cl" 4
ppm epm epm epm epm
West Central 
Amargosa 
16/48 7ba 2/17/66 6 689 2.84 6.79 3.40 6.09
16/48 7ba 10/7/71 6 674 2.99 6.22 3.44 5.91
16/48 15a 5/24/56 1 295 .86 2.91 2,72 .85
16/48 15ba 6/24/71 6 754 3.64 6.65 4.33 5.99
27/4 27bb 8/18/62 3 812 4.46 6.31 7.18 3.13
27/4 27bb 6/24/71 6 571 1.68 5.78 5.51 1.62
Central Amargosa 
73/58 4/25/58 3 217 .64 2.13 1.98 .70
73-58 3/31/62 3 218 .90 1.85 1.95 .64
73-58 4/-/69 5 211 .91 1.88 1.92 .64
17/49 35dd 5/8/52 1 294 1.19 2.59 2.62 .97
17/49 35dd 7/1/70 5 291 1.09 2.62 2.56 .91
Northeast Central
Amargosa 
16/49 35ba 8/18/62 3 652 3.89 4.92 4.69 3.84
16/49 35ba 1/21/66 6 710 4.00 5.47 4.80 4.95
16/49 45ba 2/23/71 6 661 3.92 5.52 4.10 4.57
16/50 7cba 8/18/62 3 653 4.03 4.81 4.72 3.82
16/50 7cba 2/16/66 6 701 3.62 6.02 4.80 4.38
16/50 7cba 2/23/71 6 670 3.64 5.95 4.23 4.47
17/49 llba 2/17/66 6 643 3.24 5.57 3.95 4.60
117/*9911ba 2/23/71 6 602 3.36 5.29 3.61 4.29
Table 6





++ ++ Ca + Mg
epm
+ + Na + K
epm
HCG^ + CO” 
epm
sot + Cl” 4
epm
Amargosa Flat
16/51 27ba 2/-/6B 5 504 3.73 2.90 4.65 1.92
17/52 8c 4/27/58 1 483 3.51 2.84 4.49 1.90
Ash Meadows
17/50 15ab 11/-/66 5 547 4.08 3.20 4.95 2.21
17/50 15ab 10/7/71 6 571 3.95 3.62 4.75 2.75
17/50 36dc 1/22/53 1 559 4.27 3.06 5.10 2.27
17/50 36dc 10/21/64 2 554 4.16 3.12 5.02 2.24
17/50 36dc 12/9/66 5 555 4.47 3.02 5.08 2.14




Surface 6/28/72 7 557 4.08 3.22 4.98 2.43
50 Feet 6/28/72 7 553 4.12 3.16 4.92 2.43
100 Feet 6/28/72 7 555 3.99 3.17 4.98 2.45
18/51 7ca 2/28/49 1 560 4.17 4.99 5.08 2.26
18/51 7ca 10/26/64 2 550 4.16 3.16 4.93 2.24
18/51 7ca 10/4/70 5 521 3.81 5.06 4.56 2.21
18/51 7dac 10/4/70 5 2136 13.7 17.9 3.97 27.6
18/51 7dac 7/22/72 7 1306 7.00 10.8 7.97 9.95
18/51 18bdb 11/-/66 5 541 3.98 3.16 4.92 2.18
18/51 18bdb 10/20/70 5 2189 15.8 18.81 2.75 29.15
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Table 6
Comparison of Water Qualities
Location Date Source
Summed Ionic 
Constituents Ca++ ± Mg++
+ + Na + K Hcot + co r3 3 S0„ + Cl" 4
pom epm epm epm epm
(Devils Hole con't.)
18/51 19ac 10/27/64 2 610 3.55 4.36 5.10 2.92
18/51 19ac 4/29/71 6 644 3.68 4.83 4.93 3.61
Furnace Creek /
Death Valley 
28/1 36bd Prior to 65 4 800 3.79 7.02 5.64 4.92
28/1 36bd 10/19/71 6 771 3.76 6.35 5.29 5.11
27/1 23ab Prior to 65 4 775 3.39 7.05 5.70 4.54
27/1 23ab 10/19/71 6 750 3.24 6.65 5.29 4.68
27/1 25bb Prior to 65 4 805 3.49 7.22 5.70 4.94
27/1 25bb 10/18/71 6 734 3.29 6.56 5.24 4.45
See Appendices for key to source
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a fracture zone in order to arrive at the land surface as 
discharge at Big Spring. In passing through the Tertiary 
aquitard, the chemical character of the mixed bicarbonate 
water would be altered by mixing with water containing 
large sodium and mixed anion components derived from the 
Tertiary aquitard.
Apparent fluctuations with time in the chemical char­
acter of water discharging from the carbonate aquifer at 
other locations in Ash Meadows, as represented by Devils 
Hole (17/50 3bdc), King Spring (also referred to as Indian 
Rock Spring, 18/51 7ca), and Rogers Spring (17/50 15ab) , 
are small, poorly understood and in part may be the result 
of analytical error (Table 6). Some of these fluctuations 
as those at Devils Hole may be real and the result of an un­
known cyclic effect on the water quality. However, the 
insufficient data present in this report does not warrant 
further speculation.
Central Amargosa Desert
Within the Amargosa Desert topographic basin, the area 
receiving the preponderance of precipitation is that area 
tributary to the Fortymile Canyon drainage basin (Walker 
and Eakin, 1963). Schoff and Moore (1964), and later Wino- 
grad et al. (1971), indicate that a sodium bicarbonate 
ground water low in dissolved solids is present immediately 
north, west, and southwest of Lathrop Wells. Winograd et
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al. (1971) conclude that the low dissolved solids found 
in the ground water of this area and Western Jackass Flats 
reflect infiltration directly from the bed of Fortymile 
Wash. Thus, even though well 73-58 produces water from the 
Tertiary (ash-flow) aquifer, it is believed that the aquifer 
receives its recharge via percolation through the overlying 
fan sediments from Fortymile Wash. Water of the character 
referred to above is represented on Plate 5 by analyses 73- 
58 and 15/49 14aa.
Ash Tree Spring (17/49 35dd), located in the Central 
Amargosa Desert near Clay Camp, discharges a sodium bicar­
bonate water similar to those in Western Jackass Flat. 
Winograd (1971), lacking data immediately north of Ash Tree 
Spring, noted the discharge as having an unexplained anom­
alously low salt load for this area (summed ionic con­
stituents are 291 ppm). The possibility of a local recharge 
phenomenon maintaining this spring, possibly associated with 
nearby Tertiary outcrops, was the first consideration of the 
author. However, a water sample from the nearest likely 
recharge area in which Tertiary units outcrop, the south­
eastern Funeral Mountains, is incompatible with movement 
from that direction. This sample was obtained from a mine 
(26/4 lOdd) in the Titus Canyon Formation, and the analysis 
indicated that this water possesses a sodium bicarbonate 
character with summed ionic constituents an order of magni­
tude greater than that of the discharge at Ash Tree Spring
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(Plate 5; the rose diagram for this analysis has been re­
duced by a factor of 10). Thus, it would appear unlikely 
that any movement of ground water could be taking place 
from the older Tertiary units of the Funeral Mountains to 
the Ash Tree Spring area.
In the spring of 1972 the author collected a sample 
from Ash Tree Spring for tritium analysis. The sample was 
analyzed by enrichment and gas counting techniques at 
Teledyne Isotopes Laboratories, Westwood, New Jersey, and 
the results indicate the presence of 3.4 - .02 TU (Tritium 
Units). Tritium values at these low levels are difficult 
to interpret because sampling and analytical error could 
easily account for the reported tritium content. Dr. Robert 
Kaufmann (1972), who has extensively utilized tritium 
analysis to investigate waste disposal problems in Las Vegas 
Valley, reports similar background levels from samples ana­
lyzed by the Westwood Laboratories using the same methods. 
Without a larger sample population, the numeric value of 
this single result is uninterpretable. It is the author's 
opinion that, in general, this value is at background levels 
and therefore indicative of a very old water.
During the last decade, the United States Bureau of 
Reclamation, Boulder City, Nevada, has implemented an active 
ground-water sampling and analysis program in the Central 
Amargosa Desert. Data obtained from their files and loaned 
to the author have enabled him to tentatively resolve the
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problem of the origin of the discharge at Ash Tree Spring.
The analysis of water from well 17/49 15bc in the Central 
Amargosa Desert indicates the presence of a sodium bicar­
bonate water with low summed ionic constituents (230 ppm) 
five miles northeast of Ash Tree Spring. On Plate 5, it 
can be seen that the rose diagrams for this analysis and 
the Ash Tree Spring analysis suggest that a body of ground 
water with a similar chemical character extends from this 
area into Western Jackass Flats. In order to determine the 
feasibility of this concept, the author constructed isopleth 
maps of various chemical parameters in this area.
As one of the recognizable traits of these waters is 
their low dissolved solids content, it is reasonable to 
suspect that an isopleth plot of the summed ionic constit­
uents in the Central and Southern Amargosa Desert might dis­
close additional information on the flow system in this 
area. Plate 6 is an isopleth map of the summed ionic con­
stituents, and one of its features is an elongate lobe of 
high water quality which extends from the area where Forty- 
mile Wash enters the Central Amargosa Desert west of Lathrop 
Wells to the area where the late Tertiary outcrops meet Car- 
son Slough. Isopleth maps of silica and sodium plus potas­
sium indicate that similar lobate shapes occupy approximately 
the same position in the Amargosa Desert as the above lobe 
of low summed ionic constituents (Plates 7 and 8). The
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overall conclusion to be drawn from these isopleth maps is 
that an elongate body of water having relatively low dis­
solved solids, but high silica content, and a sodium bicar­
bonate character occupies the Central Amargosa Desert.
That this water is of another origin than carbonate 
terrains to east of Ash Meadows is indicated by the calcium 
to magnesium percentage isopleth map (Plate 9). Compared 
to the 60% contour which runs through the spring discharge 
area near the Paleozoic carbonate outcrops near Ash Meadows, 
in the Central Amargosa Desert the most frequently encountered 
calcium to magnesium percentage value is in the interval of 
80% to 90%. This is not the calcium to magnesium percentage 
previously noted as common to the Paleozoic carbonate terrains 
to the east (Table 5). Rather, a source area in which mag­
nesium content is significantly less than calcium content in 
the geologic materials is indicated. One possible source 
area where this might occur is the rhyolitic terrains of the 
Timber Mountain-Buckboard Mesa area, in the headwaters of 
the Fortymile Canyon drainage.
Schoff and Moore (1964) have previously noted that water 
from wells which penetrate tuff flows and tuffaceous allu­
vium have a sodium bicarbonate character. In western Jack­
ass Fla,tsf well 73-58 penetrates the Tertiary aquifer, which 
in this case is the Topopah Springs Member of the Paintbrush 
Tuff (Winograd et al., 1971), This ash-flow tuff, along
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with the Tiva Canyon Member of the Paintbrush Tuff are 
considered by Blankennagel and Weir (1972) to be the most 
consistant aquifer of large areal extent in the Timber 
Mountain region. Water from well 73-58 has a sodium bicar­
bonate character (Plate 5) and a calcium to magneisum per­
centage of 77% (Table 5). By recalculating the chemical 
analyses given by Cornwell (1972, Table 3) for rock samples 
of the Topopah Springs Member into molecular percentages, 
the equivalent calcium to magnesium percentage for this mem­
ber varies between 70% and 81%. The Tiva Canyon Member, by 
a similar conversion, has a calcium to magnesium percentage 
that varies between 78% and 81%. The lowest calcium to mag­
nesium percentage value to be found in the chemical analyses 
of rock samples from air-flow tuffs in the Jackass Flats 
area is a value of 30% for the Yucca Mountain Member of the 
Paintbrush Tuff. However, this air-flow tuff is of limited 
areal extent (Lipman and Christiansen, 1964) and probably 
does not occur in the zone of saturation. Thus, the above 
evidence strongly suggests that the calcium to magnesium 
percentage and the sodium bicarbonate character of waters 
in the Central Amargosa Desert and in the Tertiary aquifer 
in Western Jackass Flats are derived from the rhyolitic 
Tertiary aquifer in the Fortymile Canyon drainage.
The sodium bicarbonate character of these waters is 
Probably related to the weathering of glass which is the 
dominant component of tuffs in the Fortymile Canyon area.
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Hoover (1968) notes that recent investigations of volcanic 
glass indicate that the cation exchange on glass in dilute 
solutions is in the order of preference of hydrogen, potas­
sium, calcium, magnesium and finally sodium. Lipman and 
Christiansen (1964) suggest that the leaching of sodium and 
formation of montmorillonitic clays may be common alteration 
features of rhyolitic glasses. Meteoric waters with natural 
concentrations of carbonic acid may facilitate the altera­
tion process by providing a source of hydrogen ions which 
would be preferentially exchanged for sodium. While this 
mechanism may account for the sodium bicarbonate character 
of ground water of this area, it fails to explain the small 
but significant calcium-magnesium and sulfate components 
also present in this water. As the sodium and components of 
these waters are approximately equal on an epm basis (Plate 
5) , suggesting that for each equivalent weight of sodium 
leached from glass an equivalent of bicarbonate was obtained 
from the atmosphere, it may well be that the calcium-mag­
nesium and sulfate components are the result of a different 
mechanism rather than an extension of the above ion exchange 
phenomenon. This mechanism may be related to solution of 
rhyolitic glass.
At pH’s less than 8,0 and at standard temperature and 
pressures, amorphous silica reaches its saturation point at 
120 ppm, while quartz does the same at 10 ppm (Krauskopf, 
1967). Hem (1970) notes that natural concentrations of sil­
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ica in ground water usually ranges from 1 to 30 ppm, and is 
commonly greater than the quartz equilibrium value. Water 
discharging from the carbonate aquifer at Ash Meadows falls 
within this range (Plate 8). However, the silica content 
of water in the Central Amargosa Desert is greater than 60 
ppm, and ranges up to 82 ppm. The author suspects that these 
greater values for the Central Amargosa Desert probably rep­
resent an equilibrium condition with glass, either from 
epiclastic tuff in the alluvium or from ash-flow tuffs 
further north. Solution of glass may be associated with the 
release of calcium-magnesium and sulfate components to the 
ground water, and related to the leaching of sodium and 
formation of montmorillonite during alteration of glassy 
tuffs.
The hydrochemical evidence, then, is indicative of a 
flow system with its source in the Fortymile Canyon drainage 
and its sink in the Ash Tree Spring - Carson Slough area.
This system will be referred to as the Fortymile Canyon flow 
system. Recharge from precipitation in the Fortymile Canyon 
area probably flows through the Tertiary aquifer until it 
reaches the Amargosa Desert where it discharges into the 
alluvial aquifer (see discussion under Hydrogeology). From 
the area where this crossflow occurs, the flow direction in 
the alluvial aquifer is southward until reaching the Calif- 
ornia-Nevada state line, where the elongate isopleth lobes
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are deflected to the southeast. This deflection to the 
southeast occurs north of the area where the aforementioned 
Tertiary barrier is believed to exist below the Quaternary 
valley fill, and probably represents an actual change in 
flow direction from south to southeast due to the influence 
of this barrier.
The Tertiary barrier appears to have a strong influence 
on the water quality along its northwestern end. As in­
dicated by the isopleth maps, in T.17S., R.48E., a water 
which is low in silica but high in summed ionic constituents 
and sodium plus potassium is centered over the Tertiary 
barrier (Plates 6, 7 and 8). The high summed ionic con­
stituents and high sodium plus potassium in this area also 
appear to divide the water quality of the Western Amargosa 
Desert from that of the Central Amargosa Desert. Thus, it 
would appear that the Tertiary sediments in this area have 
a distinct influence on the water quality in the overlying 
alluvial aquifer. The exact mechanism of this influence is 
not understood, but may be the result of crossflow through 
the Tertiary aquitard.
The elongate isopleth lobes on the sodium plus potas­
sium and summed ionic constituents isopleth maps in the 
area representing the Central Amargosa Desert are bordered 
on the east and west by higher values of these parameters. 
The silica and calcium to magnesium percentage isopleth
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maps, however, indicate that little or no distinction exists 
between waters of the Central and. Northwest Central Amargosa 
Desert. This anomaly is due to the presence of another flow 
system in that area in which certain chemical parameters are 
similar to those in the Fortymile Canyon flow system (see 
discussion under Northwest Central Amargosa Desert).
Three time lapse analyses are available from the source 
and two from the sink of this flow system (Table 6). Three 
analyses for well 73-58 in Western Jackass Flats with a time 
span of four to five years between sampling indicate that 
little variation in water chemistry has occurred in that 
area. Similarly, two analyses with an 18-year time span 
between sampling for Ash Tree Spring (17/49 35dd) indicate 
that essentially no fluctuation in water quality has occurred 
at this discharge point. This lack of variation in water 
quality with time indicates that the effect of recharge 
events and other stresses which may influence the water 
quality have been dampened by a long residence time in the 
system before reaching either of the above locations. Thus, 
the flow system appears to be well established and little 
variation in discharge occurs from year to year.
West Central Amargosa Desert
Qn Plate 5, the two rose diagrams (16/48 8ba and 27/4 
27bb) in the area representing the western periphery of the 
Central Amargosa Desert are ^representative of the extremes
in water quality to be found in that. area. The rose dia­
gram at location 16/48 8ba is representative of the chemical 
character of the sodium mixed anion waters which are common 
to the Northwest Central Amargosa Desert (Figure 10). How­
ever, water from location 16/48 8ba represents the upper 
extreme of summed ionic constituents for the Northwest Cen­
tral Amargosa Desert, where the range is from 674 to 840 ppm.
The origin of the chemical character of water from the 
Northwest Amargosa Desert is not completely understood. The 
high silica content and high calcium to magnesium percentage 
in this area are similar to those of the Fortyraile Canyon 
flow system, and are indicative of water originating in 
rhyolitic terrains. The higher salt load and sodium mixed 
anion character of these waters may be the result of a long 
flow path and of other types of geologic materials along the 
flow path of the system. This water is not inconsistent 
with a source in Oasis Valley, as proposed by Winograd (1971).
Although sufficient control is lacking, in the West 
Central Amargosa Desert the summed ionic constituents and 
sodium plus potassium isopleth maps (Plates 6 and 7) indicate 
that an elongate body of water in which these parameters are 
lower than in the area to the east is concurrent with the 
course of the Amargosa River. Waters in the West Central 
Amargosa Desert with these chemical characteristics are 
apparently separated from the Fortymile Canyon flow system 
by the previously mentioned sodium plus potassium and summed
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ionic constituents high centered over the Tertiary barrier. 
These conditions may be indicative of a flow system in the 
West Central Amargosa Desert which parallels the Fortymile 
Canyon flow system.
Little time variant data is available for this area.
A slight improvement of water quality is to be noted for 
well 16/48 7ba, although the change is so slight as to be 
insignificant. With two analyses available, the water 
quality of well 27/4 27bb south of the Tertiary barrier has 
changed significantly. These two analyses, nine years apart, 
indicate that a remarkable improvement in water quality in 
this area has occurred since the well was sampled in 1962 
(Table 6). At the time when the later sample was collected 
(1971), the author visited this locality and concluded from 
its abandoned condition that the well had not been pumped 
for several years. As human debris in the area is of a 
late 1950's and early 1960's vintage, it is probable that 
the well was being pumped at the time when the earlier sample 
was collected (1962). If the above observation is correct, 
then the earlier analysis may represent a deterioration of 
water quality caused by pumping stresses inducing upward 
crossflow from the Tertiary aquitard, outcrops of which 
occur to the northeast of this well (Plate 5). Figure 12 
(analyses 9 and 10) lends credence to this possibility, as 
the earlier analysis plots on the rhombic center of the 
Piper diagram approximately midway between the plotted point
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FIGURE 12, WEST CENTRAL AMARGOSA —  DEATH VALLEY




1. 16/48 7ba 674
2.16/48 8ba 840
3. 16/48 15 ba 754
4. 16/48 I7ba 790
5. 16/48 36dd 735
6.28/1 35bd 771
7 27/1 23ab 750
8.27/1 25bb 734
9. 27/4 27bb 812
Points 6,7 and 8 are from 
Furnace Creek discharge area. 
Other points are from west 
central Amorgosa Desert.
(8/18/62) 
10.27/4 27bb 571 
(6/24/71)
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for the later analysis and the area defined on Figure 10 as 
characteristic of waters from the Tertiary aquitard in the 
Amargosa Desert.
Hydrochemical Evidence of Underflow to Death Valley
The chemical similarity of waters from the Northwest 
Central Amargosa Desert and from the large springs in the 
Furnace Creek area of Death Valley, which are also in close 
proximity to and probably discharge from the Paleozoic car­
bonate rocks of the Funeral Mountains has previously been 
noted by Winograd (1971). Piper diagram plots for water 
from wells in the Northwest Central Amargosa Desert and 
from Nevares Spring (28/1 36bd) indicates that they posses 
a similar chemical character (Figure 12). Although discharge 
from Travertine Spring 27/1 23ab) and Texas Spring (27/1 25bb) 
have a slightly different character, it is of interest to 
note that their plotted points fall between analysis for the 
Northwest Central Amargosa Desert and for West Central Amar­
gosa Desert, as represented by water from well 27/4 27bb.
Thus, a mixing phenomenon with waters further south in the 
West Central Amargosa Desert could account for the more 
southerly spring discharge in the Furnace Creek area. In 
addition to the above evidence, Nork (1971) notes a strong 
similarity in the deuterium and oxygen-18 isotope content 
of waters in the Central Amargosa Desert and in the Furance 
Creek discharge area of Death Valley, As Winograd (1971)
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notes the improbability of sufficient local recharge in the 
Funeral Mountains to maintain these springs, it has been 
postulated that underflow occurs from the West Central 
Amargosa Desert to the Furnace Creek Area, via the carbon­
ate aquifer (Plate 5).
Two dissimilarites in water chemistry also exist be­
tween the two areas. The silica content of waters from the 
West Central Amargosa Desert range from 72 to 76 ppm, while 
those from the Furance Creek area range from 28 to 38 ppm.
The respective ranges of the calcium to magnesium percentage 
are 79% to 86% and 52% to 63%. These disparities are dif­
ficult to reconcile with postulated underflow from the West 
Central Amargosa Desert to Death Valley. Rather than 
speculate on mechanisms which could accomplish this recon­
ciliation where only limited data are available, the author 
will only note that until these disparities can be explained, 
the proposed underflow from the West Central Amargosa Desert 
will remain in doubt.
Time variant fluctuations in water quality in the Fur­
nace Creek discharge are indicated by analyses available for 
that area. In general, the later analyses indicate a small 
but notable overall improvement in water quality has occur­
red since the earlier analyses (Table 6). Compared to the 
very small variation of water quality from Devils Hole 
(17/50 3bdc), the Furnace Creek discharge variations are
an order of magnitude greater, and probably indicate that 
the aquifer which sustains these springs is subject to 
extraneous influences along its reach. This is compatable 
with underflow from the West Central Amargosa Desert, where 
the alluvial aquifer may receive local recharge along the 
course of the Amargosa River.
Northeast Central Amargosa Desert
Water from wells in the Northeast Central Amargosa 
Desert generally have a mixed cation-mixed anion character 
(Plate 5, location 16/49 35ba). This water is believed by 
Winograd et al. (1971) to flow from the clastic aquitard 
east of the master fault along the east side of the Amar­
gosa Desert. The primary origin of this water, however, 
may be the carbonate aquifer to the northeast of where the 
clastic aquitard occurs in the zone of saturation (Winograd, 
1971, Figure 3). As the dissolved solids of waters in this 
area are higher than those of either the Central Amargosa 
Desert to the west or the Ash Meadows discharge area to the 
south, it is possible that this water originates in a sep­
arate flow system.
In the area northeast of Lathrop Wells and north of 
the Specter Range thrust fault, a ground-water divide 
probably exists in the carbonate aquifer (see discussion 
under Hydrogeology). This divide separates the Northeast 
Central Amargosa Desert from the potentiometric trough below
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Frenchman Flat. This is also an area where Winograd et al. 
(1971) note that perched flow systems exist in the Tertiary 
aquitard overlying the carbonate aquifer. The areas to the 
west of the potentiometric divide in the carbonate aquifer 
probably constitute the source area of water in the North­
east Central Amargosa Desert.
The calcium to magnesium percentage for waters from the 
Northeast Amargosa Desert varies between 66% and 68% and 
the maximum silica content is 34 ppm. As these values are 
intermediate between those obtained from the carbonate aqui­
fer to the east and the Tertiary aquitard in Frenchman Flat 
(Table 4, analyses 73-70; also see Appendices). It is not 
unreasonable to assume that both zeolitic tuffs and Paleo­
zoic carbonates are responsible for the above water quality. 
The high salt load and mixed cation-mixed anion character 
of this water may be the result of a large proportion of 
downward crossflow from the Tertiary aquitard in relation to 
• the amount of recharge to and flow through the carbonate 
aquifer.
Available analyses of waters from this area indicate 
that large time variant fluctuations in water quality occur 
in the flow system (Table 6). These fluctuations are pro­
bably indicative of the strong effect of recharge events on 
the chemical flux and of insufficient length of flow path 
to dampen these effects. As the mean annual precipitation
128
east of Lathrop Wells is small, in order that recharge 
events have a significant'effect on the chemical flux, 
it is necessary that volume rate of flow in the carbonate 
aquifer east of Lathrop Wells be small. Thus, the fluctua­
tions in water quality in this area is probably indicative 
of a local flow system.
Southern Amargosa Desert
By examining Plate 6, it is obvious that the summed
ionic constituents content of waters south of the Tertiary
/
barrier and in the Carson Slough area is greater than in flow 
systems of the alluvial and carbonate aquifers north and 
east of these areas. The location of these highs may be in 
part influenced by the Tertiary aquitard, as the Tertiary 
playa lake sediments are known to be saliferous. Also, as 
the Tertiary aquitard is relatively impermeable, a long 
residence time of water within the aquitard may increase 
significantly the salt load of any crossflow through the 
aquitard.
Another explanation of ground water with high summed 
ionic constituents is available for those areas where flow 
from the Tertiary aquitard is not a factor. Where the water 
table is near the land surface, as it is over much of this 
area, the high salt load of water in the alluvial aquifer is 
probably the result of evapotranspiration. Evaporation from 
the capillary fringe and concentration of salts in pore water
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in the root zone of plants may create a soil water with a 
very high salt load. Annual fluctuation of the water table 
and the density contrast between the soil water and flow 
system water would cause a mixing of the two waters. Thus, 
many of the areas on Plate 6 not associated with the Ter­
tiary aquitard but containing ground water with high summed 
ionic constituents probably represent the sink areas of the 
flow systems.
Ground water leaving the Amargosa Desert through the
/
alluvium along the Amargosa River to the south undergoes a 
marked deterioration of water quality. This water, as 
represented by the municipal well at Death Valley Junction 
(25/5 14ca) on Plate 5, is high in sodium and very low in 
calcium plus magnesium. As waters in other areas of the 
Amargosa Desert to the north of Death Valley Junction con­
tain considerably more calcium plus magnesium, it is pro­
bable that some mechanism is removing calcium and magnesium 
from the flow system in the alluvial aquifer.
The mechanism favored by the author to explain this 
decrease in calcium plus magnesium in the discharge areas is 
ion exchange. This preference is in part due to the high 
clay content of the Pleistocene valley fill in this area 
which would allow for an ion exchange process, and in part 
due to the low calcium to magnesium percentage of water from 
the Carson Slough area. As calcium is preferred over mag­
nesium in cation exchange with clays (Back and Hanshaw, 1965) ,
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more calcium than magnesium should be exchanged for sodium 
in clays along the flow path. In the area along Carson 
Slough, decreasing percentage calcium in the ground water 
can best be explained by this exchange preference (Plate 9). 
Thus, the author believes that ion exchange along the flow 
path is a major factor in the decrease of calcium plus mag­
nesium in the Carson Slough and Death Valley Junction areas.
At Death Valley Junction, a reversal of the trend toward 
a lower calcium to magnesium percentage occurs (Plate 9).
This reversal is not due to an increase in the amount of 
calcium plus magnesium present, as the highest recorded value 
in this area for calcium plus magnesium is 4.3 ppm, but 
rather to a reversal of the proportions of calcium plus mag­
nesium in the water. The maximum value for the calcium to 
magnesium percentage in this area is 76%, or essentially 
that of waters from the Central Amargosa Desert. This high 
value plus the shape of the isopleths in the Death Valley 
Junction area suggest that recharge in the rhyolitic rocks 
which compose the Greenwater Range is flowing toward Death 
Valley Junction through the alluvial aquifer and mixing with 
waters from the north. As the ground water from the north 
is depleted with respect to calcium plus magnesium, the 
addition of calcium and magnesium ions from another flow 
system would have a large impact on the calcium to magnesium 
percentage. This mixing of waters would dilute the concen-
tration of calcium and magnesium in waters flowing toward 
this area from the southwest but would not change the 
relative proportions of these ions. As the overall con­
centration of calcium plus magnesium remains small, this 
postulated flow from the Greenwater Range would also be 
very small.
Water Quality of Perched Systems
Very small perched local flow systems do occur in the 
Amargosa Desert and vicinity. The author has sampled two 
small springs which discharge from these small systems 
where the ground water appears to be perched in gravels 
which overlie the Tertiary aquitard. The Tertiary aquitard 
is believed to control the water quality of these systems, 
as it probably contains more soluble material than the 
gravels. Grapevine Springs (19/15 2bd), southwest of Ash 
Meadows lodge, are the sink of these systems. The dis­
charge is a sodium sulfate water, and has very high summed 
ionic constituents (2997 ppm). Navel Spring (26/2 13b),
in Furance Creek Canyon, discharges a sodium mixed anion
water and has summed ionic constituents of 711 ppm. The 
lower salt load at this latter location may be the result 
of less contact of the flow system with the Tertiary aqui­
tard, A rose diagram of the chemical character of this
water is shown at the location of the spring on Plate 5.
The reader is cautioned, however, to note that this diagram
132
is not representative of the water quality of all perched 
systems.
Hydrochemical Evidence of Underflow from Pahrump Valley
The hydrogeology of Pahrump Valley has been discussed 
by Maxey and Jameson (1948), and more recently by Malmberg 
(1967). Only the hydrochemical evidence for underflow 
from this valley will be discussed in this report.
Winograd (1971) has demonstrated on the basis of hydro­
chemistry and hydrostratigraphy that underflow from Pahrump 
Valley to Ash Meadows through the carbonate aquifer is in­
compatible with the available evidence. There is evidence 
that a very small amount of underflow may occur in the 
alluvial aquifer between Steward Valley, a sub-basin of 
Pahrump Valley, and Ash Meadows. This evidence is centered 
around the water quality of the carbonate aquifer below 
Pahrump Valley, as represented by Manse Spring (21/54 3ad) 
which is believed to derive its discharge from the carbon­
ate aquifer; the water quality of the alluvial aquifer in 
the north end of Steward Valley, as represented by Well 
20/52 6dd; and by the water quality of the alluvial aquifer 
in the southeast corner of Ash Meadows as represented by 
Last Chance Spring (18/51 30ac).
Last Chance Spring discharges a sodium bicarbonate 
water which in general contains a salt load lower than 
spring discharge near the carbonate outcrops to the north
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(Plate 6). Thus, it is unlikely that it has a source in 
common with those springs. Water from well 20/52 6dd and 
Manse Spring have a salt load less than that of discharge 
from Last Chance Spring (Figure 13). In addition, a Piper 
diagram plot of analyses from these locations reveals that 
these analyses are ion exchange end members. That is, the 
calcium-magnesium bicarbonate water from the carbonate 
aquifer can, by exchange of sodium from the alluvial aquifer 
for calcium in water of the carbonate aquifer, be trans­
formed into a mixed bicarbonate type (Figure 13, analyses 
1 and 2). Continued exchange of sodium for magnesium along 
the flow path in the alluvial aquifer between Steward Val­
ley and Ash Meadows could account for the sodium bicarbonate 
water discharging at Last Chance Spring.
In summary, a feasible model of underflow from Steward 
Valley to Ash Meadows would include discharge from the car­
bonate aquifer into the alluvial aquifer at the north end 
of Steward Valley, and from Steward Valley, underflow via 
the alluvial aquifer with discharge in the Last Chance 
Spring area (Plate 5). The magnitude of the discharge and 
underflow from Steward Valley is probably small to insig­
nificant because the springs which occur within the vic­
inity of the lobate low shown on Plate 6 are very small, 
discharging less than 1.0 gpm, and the phreatophytes, 
although established, are not dense.
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Malinberg (1967) , noting a large disparity between the 
estimated recharge and discharge in Pahrump Valley, proposed 
that underflow from Pahrump Valley occurs through the lower 
Paleozoic carbonates of the Nopah range towards Chicago Val­
ley to the southwest (Plate 5). Three natural discharge 
points southwest of the Nopah Range were sampled for water 
chemistry by the author in order to ascertain if this flow 
scheme is feasible.
Twelvemile Spring (22/8 7a) discharges from the alluv­
ium in Chicago Valley, immediately west of the Nopah Range. 
The discharge has a mixed cation-mixed anion character, and 
contains a higher salt load than the carbonate aquifer in 
Pahrump Valley, as represented by Manse Spring (Figure 14, 
analyses 1 and 2). The difference in salt load of waters 
between these two sources is largely caused by the higher 
sodium and sulfate components in the discharge at Twelvemile 
Spring. As the components are not available from the car­
bonate aquifer in Pahrump Valley, a considerable residence 
time in other geological materials than compose the carbonate 
aquifer is indicated. As the Nopah Range is a structural 
high composed chiefly of the lower Paleozoic rocks, it is 
possible that no direct connection exists between the carbon­
ate aquifer below Pahrump Valley and in the Nopah Range, as 
suggested schematically by Malmberg (1967, Figure 3). Thus, 
the additional sodium and sulfate components may be the
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result of a long residence time in the alluvial aquifer in 
Pahrump Valley, as the water from the carbonate aquifer in 
Pahrump Valley is probably forced to pass through the allu­
vial aquifer before leaving the valley as underflow through 
the Nopah Range.
As the discharge from Twelvemile Spring also contains 
slightly less calcium plus magnesium and has a slightly lower 
calcium to magnesium percentage than water from the carbonate 
aquifer in Pahrump Valley, crossflow through the alluvial 
aquifer would allow for exchange of sodium for calcium and 
magnesium. In general, it appears that the water quality 
data do not contradict this flow scheme, and as there exists 
a favorable potential difference in the alluvial aquifers 
of the two valleys, the author considers underflow from Pah­
rump Valley in this area to be highly probable.
Between Twelvemile Spring and the other two springs, 
Chappo Spring (27/7 2da) and Resting Spring (21/8 21ad), 
favorable potential differences also exist which would allow 
for flow to occur in the direction of either spring (Plate 
5) , Chappo Spring discharges from the base of the carbonate 
aquifer near the contact with the underlying clastic aqui- 
tard, on the west flank of the Resting Springs Range. The 
character and the salt load of the discharge at Chappo Spring 
is similar to that at Twelvemile Spring. The slight dif­
ference in character which does exist can be adequately ex­
plained by ion exchange, indicating that any flow between
138
these two points probably passes through the alluvial aquifer 
as well as the carbonate aquifer (Figure 14). Resting 
Spring discharges from the alluvium about ten miles due south 
of Twelvemile Spring. Thus, if flow does exist between these 
two points, it probably occurs in the continuous alluvial 
aquifer between them (Plate 5). As the discharge from 
Resting Spring contains the least calcium plus magnesium, 
the lowest calcium to magnesium percentage, and the highest 
summed ionic constituents of all the discharge points sampled 
(Figure 14), a long residence time in the alluvial aquifer 
is indicated, which is compatible with the location of the 
spring.
In general, it would appear that underflow from Pahrump 
Valley probably occurs from the alluvial aquifer and passes 
through the carbonate aquifer beneath the Nopah Range before 




In the preceding sections, the hydrostratigarphic units 
and general flow pattern as indicated by the hydrochemistry 
have been discussed. It is now necessary to correlate this 
information with known sources and sinks, and ground-water 
potentials in the Amargosa Desert and vicinity.
Ash Meadows Regional Ground-Water System
The largest sink in the Southern Amargosa Desert is 
the spring discharge along the western flank of the Paleo­
zoic outcrops at Ash Meadows. Before pumping began in this 
area in 1968, the measured discharge from these springs 
amounted to 17,000 acre-ft./year (Walker and Eakin, 1963).
As representative of discharge from the carbonate aquifer, 
the total spring flow is a minimum value because discharge 
in the form of evapotranspiration also occurs in this area. 
However, it is difficult to separate that evapotranspiration 
which is directly related to the flow system from that which 
is generated by surface and near-surface flow from the 
springs. Thus, while the actual discharge from the carbon­
ate aquifer at Ash Meadows is greater than 17,000 acre-ft./ 
year, the exact value is unknown.
In addition to the sink at Ash Meadows, one other sink
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closely related to the carbonate aquifer occurs at Amar- 
gosa Flat, immediately east of Ash Meadows. The land sur­
face within this flat is approximately 30 feet below the 
piezometric surface of the carbonate aquifer beneath the 
Cenozoic valley fill in the flat, indicating that the 
phreatophytes which ring the flat obtain their water from 
upward crossflow through the Cenozoic valley fill. Wino- 
grad et al. (1971) estimate that a maximum discharge of 
1,000 acre-ft./year may occur in this area by evapotran- 
spiration.
Previous discussion of the hydrochemistry and the 
hydrostratigraphy in the area east of Ash Meadows indicates 
that essentially all of the recharge is derived from the 
higher carbonate terrains to the northeast. That this water 
does not reach Ash Meadows via Pahrump Valley, as many 
early investigators surmized (Loeltz, 1960; Walker and 
Eakin, 1963; Hunt and Robinson, 1966) is evinced from the 
extensive outcrops of the clastic aquitard between the two 
Valleys, and the difference in chemical character of waters 
discharging from the carbonate aquifer in the two valleys. 
Thus, even though ground-water potential in the carbonate 
aquifer of Pahrump Valley is greater than that at Ash 
Meadows, it is likely that the only underflow between the 
two valleys is through the alluvial aquifer, and the 
quantity of this underflow is very small.
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Winograd (1971) notes that the probable source of the 
discharge at Ash Meadows is recharge in the Paleozoic car­
bonate highlands east of the Specter Range. These high­
lands, principally the Spring Mountains, Sheep Range, 
Paharanagat Range, and the Timpahute Range, encompass a 
number of smaller ranges and valleys to the west which are 
largely composed of or underlain by Paleozoic carbonate 
rocks (Figure 15). This essentially continuous block of 
carbonate aquifer is bounded along its west side by exten­
sive outcrops of the clastic aquitard west of' Yucca and 
Frenchman Flats. Ground-water potentials in the carbonate 
aquifer immediately below and to the southwest of Yucca 
and Frenchman Flats indicate that a large potentiometric 
trough is centered under these valleys, and the flow within 
the trough is toward the Specter Range, southeast of French­
man Flat (Winograd, 1971, Plate 3; Rush, 1970, Plate 1).
The Specter Range, south of the Specter Range thrust fault, 
is composed largely of Ordovician, Silurian, and Devonian 
carbonate rocks which are highly fractured and faulted 
(Burchfiel, 1965), and is essentially the only location 
east of Ash Meadows where the lower clastic aquitard does 
not outcrop. The implication of this distribution of 
regional aquifer and aquitards, and the location of the 
potentiometric trough in the carbonate aquifer north of 
the Specter Range is that recharge to the carbonate aquifer
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Figure 15. Hydrologic sub-basins and major flow systems 
(from Rush, 1970).
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in the highlands to the east probably passes through the 
essentially continuous block of carbonate aquifer to the 
west, and eventually enters the potentiometric trough below 
Yucca and Frenchman Flats, where it flows through the 
Specter Range and discharges at Ash Meadows.
While the previous discussion of the hydrochemistry 
of this area tends to corroborate the above flow direction, 
it is too fraught with assumptions to be definitive by it­
self. Instead, it is best to look to the hydrochemistry 
to explain changes in the chemical character along the flow 
path, and for general compatibility with the flow scheme. 
From the previous discussion of the hydrochemistry, it is 
clear that changes in water quality along the flow path 
can be explained, and the hydrochemistry is compatible with 
the above, flow scheme.
With all components of the flow system in general 
agreement, Winograd (1971) concludes that the discharge at 
Ash Meadows is derived from a regional flow system sus­
tained by the carbonate aquifer. Winograd (1971) estimates 
that the areal extent of the catchment basin of this 
regional flow system, referred to in this report as the Ash 
Meadows regional system, is a minimum of 4,500 square miles 
and receives 570,000 acre-ft./year precipitation. Discharge 
at Ash Meadows represents 3% of the total precipitation.
Spring discharge at Ash Meadows is the result of the
juxtaposition of the carbonate aquifer and Tertiary and 
alluvial aquitards. This physical circumstance has been 
described by Winograd (1971), and the following dis­
cussion is a refinement of his investigation. In the 
spring discharge area, the carbonate aquifer consists of 
the Bonanza King Formation and has a maximum stratigraphic 
thickness of 3,000 feet, while the Cenozoic valley fill to 
the west of the master fault at Ash Meadows is at least 
that thick (Healy and Miller, 1971, Figure 3). The master 
fault is probably responsible for the ultimate disposition 
of Cenozoic valley fill against the carbonate aquifer west 
of the Paleozoic outcrops. However, it is not necessary 
that the actual contact be a fault plane as Pleistocene 
deposition probably occurred concurrently with faulting 
and formation of a graben block below the Amargosa Desert. 
Thus, while faults displace the Pleistocene valley fill, 
and these displacements impede the westward flow of ground 
water within these sediments as indicated by the crowding 
of water table contour lines west of the Paleozoic car­
bonate outcrops on Plate 4, the younger Pleistocene sedi­
ments are probably in depositional contact with the car­
bonate aquifer. Fault contact between the older Cenozoic 
Valley fill and the carbonate aquifer may occur at depth 
below the Ash Meadows area. The juxtaposition of the 
carbonate aquifer and Tertiary and alluvial aquitards
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results in a ground-water barrier at Ash Meadows, caused by 
the permeability contrast between these hydrostratigraphic 
units.
From a maximum thickness at the northeast end of the 
spring discharge area, the saturated thickness of the car­
bonate aquifer diminishes to the southeast. Near Point of 
Rocks Springs, where the saturated thickness of the car­
bonate aquifer is less than 1,500 feet, two sample logs 
(18/50 lldd and 18/51 bdb) indicate that on the order of 
1,000 feet of Pleistocene valley fill occur in the area 
immediately east of the Paleozoic carbonate outcrops. In 
this area, the permeability contrast is largely between the 
carbonate aquifer and alluvial aquitard. South of Rogers 
Spring, however, grab samples consisting of dominantly 
indurated clays from the 800 foot to the 1,200 foot depth 
of a well under construction may represent the Tertiary 
playa lake sediments. In addition, the driller indicated 
that these sediments had a considerable angle of dip, as 
he could maintain a straight hole only with considerable 
difficulty. This well, located in SW1/4 NE1/4 sec. 15, 
T.17S., R.50F, is also east of an eolian covered scarp 
which parallels the master fault (Plate 1). Thus it is 
possible that the well is situated on an upthrown block of 
Cenozoic sediments which directly overlie the carbonate 
aquifer. Also, as this is an area where the carbonate
aquifer is near the maximum saturated thickness for the 
spring discharge area, it is not unreasonable to assume 
that, at depth to the west of the master fault, the car­
bonate aquifer is in fault contact with the Tertiary aqui- 
tard. Thus, the physical disposition of the carbonate 
aquifer and Tertiary aquitard may be such that they are 
in both fault and depositional contact. In summary, it 
is probable that both Tertiary and alluvial aquitards are 
responsible for the permeability contrast which causes 
water emerging from the carbonate aquifer to discharge at 
the land surface at Ash Meadows.
Northwest of the spring area, the saturated thickness 
of the carbonate aquifer increases and the thickness of 
the Cenozoic valley fill decreases (Healy and Miller, 1971, 
Figure 3). If the Cenozoic sediments on the downthrown 
block on the west side of the master fault are underlain 
by the carbonate aquifer, it is possible that water passes 
through the master fault from east to west. In particular, 
a gravity high in the SE1/4 of T.16S., R.49E., is a likely 
location where the juxtaposition of the carbonate aquifer 
on both sides of the master fault could exist (Plate 3). 
However, the areal extinct of the carbonate aquifer west 
of the fault may be limited. As previously noted, it is 
probable that the gravity high which parallels the state 
line is underlain by Precambrian and Paleozoic rocks.
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At the southeast end of the gravity high, Tertiary strata 
overlap the clastic aquitard, and at the northwest end, 
in the area of T.17S., R.48E, the clastic aquitard outcrops 
between what are probably older Tertiary Titus Canyon Forma­
tion outcrops (Plate 3). Thus, it would appear that this 
Tertiary strata, which also form a barrier in the alluvial 
aquifer, are underlain by the clastic aquitard along this 
lineament. Assuming that flow can occur across the master 
fault in T.16S., R,49E., it may be restricted by a ridge of 
Precarabrian and Paleozoic clastic sediments buried beneath 
the Cenozoic valley fill in an area which parallels the 
state line. As the carbonate aquifer is probably overlain 
by the Tertiary aquitard in the area between the state line 
and the master fault at Ash Meadows, its overall effect on 
the hydrology of the area west of the master fault would be 
limited.
Fortymile Canyon System
Rush (1970) considers this flow system to be a part 
of the Pahute Mesa regional system (Figure 15). However, 
as little ground-water potential information is available 
for this system south of Pahute Mesa and north of the 
Amargosa Desert, and as the Fortymile Canyon system is 
chemically distinctive from other flow systems in the region, 
ti will be treated as a separate entity in this report.
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An indeterminate quantity of discharge occurs in the 
area around the old Clay Camp (18/49 la) in the form of 
evapotranspiration and spring discharge. Numerous abandoned 
clay pits in this area contain perennial water bodies or, where 
drainage has been provided, small springs flow from the dig­
gings. In addition, phreatophytes, generally consisting of 
mesquite and saltbush, are common to this area and the west 
side of Carson Slough. Thus, it is apparent that the area be­
tween Clay Camp and Carson Slough is a discharge area.
The configuration of the water table contours on Plate
✓
/
4 indicate that horizontal flow in the alluvial aquifer in 
this area is from the northwest. The water table map in 
the reconnaissance report on the Amargosa Desert by Walker 
and Eakin (1963, Plate 3) indicates that the lobate con­
tours in the Clay Camp area are essentially continuous 
with another north-trending lobate form in the water table 
centered around the distributaries of Fortymile Wash in 
the Central and Northern Amargosa Desert. Previous discussion 
of hydrochemistry of the Central Amargosa Desert has shown 
that along the trend of the water table lobes, the ground 
water has a common chemical character, and waters east and 
west of these trends are of another distinct character. From 
this evidence, the author proposes that the discharge in 
the Clay Camp area represents the sink of a flow system 
whose source is in the headwaters of the Fortymile Canyon 
drainage.
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The above source area is basically within the boundar­
ies of the Buckboard Mesa and Western Jackass Flats sub­
basins defined by Rush (1970). These sub-basins are es­
timated to receive approximately 2,000 acre-ft./year re­
charge from precipitation (Rush, 1970, Table 3). In 
Southern Pahute Mesa, north of Buckboard Mesa, Blankennagel 
and Weir (1972) note the presence of a ground-water trough 
in the rhyolitic terrain of that area oriented in a manner 
which indicates that most of the underflow in the area of 
Pahute Mesa is toward Oasis Valley and possibly Crater Flat 
(Figure 15). Three wells on the southern flank of this 
trough but within the Fortymile Canyon drainage are noted 
by Blankennagel and Weir (1972, Figure 14, wells UE-18r, 
UE-19fg, and TW-8) indicating a downward component of flow 
in this area. This evidence indicates that a ground-water 
divide may exist between flow toward Oasis Valley and flow 
toward the Fortymile Canyon area.
As the Tertiary aquifer in the Fortymile Canyon 
drainage area is the result of ash-flow from the Timber 
Mountain caldera, it generally thins laterally away from 
this ancient volcano. The southern limit of ash-flow tuffs 
emitted from the caldera is probably no further south than 
Lathrop Wells (Ekren, 1968; Byres et al., 1968). Recharge 
to the aquifer in the Buckboard Mesa area probably flows 
southward through the Tertiary aquifer below Western Jack­
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ass Flats until the aquifer thickness is no longer suf­
ficient to support the quantity of flow passing through it. 
When this condition is reached, water flowing in this aqui­
fer would be forced upward into the overlying alluvial 
aquifer. To the south of Lathrop Wells, all flow would be 
in the alluvial aquifer until the sink of the flow system 
is reached.
In summary, on the basis of the above evidence, the 
author defines that system with its recharge zone in the 
Fortymile Canyon area and discharge zone in the Clay Camp 
area as the Fortymile Canyon system. This system, with 
its long zone of lateral flow and extreme depth to water 
table in the Lathrop Wells and Western Jackass Flat area 
(300-700 feet), has a strong resemblance to the idealized 
desert basin system described by Maxey (1968). Spring dis­
charge from the system occurs in and up gradient from the 
area where the alluvial aquifer overlaps the Tertiary bar­
rier. This location of discharge points in relation to 
the Tertiary barrier attests to the impermeability of the 
Tertiary aquitard. Where the alluvial aquifer overlaps 
the Tertiary barrier and is essentially continuous with 
other Quaternary sediments to the south, some flow may 
occur over the barrier. This type of flow may explain the 
finger of higher calcium to magnesium percentage just west
of Clay Camp, as shown on Plate 9.
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West Central Amargosa Desert
Previous mention was made of a potentiometric trough 
in the Tertiary volcanic rocks of Pahute Mesa. This trough 
is oriented so that potentials along its center decrease 
toward Oasis Valley. Recharge to the north and east of the 
trough is estimated to be approximately 7300 acre-ft./year 
(Rush, 1970, Table 3). Blankennagel and Wier (1972) have 
calculated, using approximate aquifer characteristics, the 
quantity of ground-water flow through the trough toward 
Oasis Valley to be about 8,000 acre-ft./year' It would 
appear, then, that the recharge approximation for this area 
is a reasonably accurate estimate.
Blankennagel and Weir (1972) postulate that the final 
destination of this flow is Oasis Valley and the Amargosa 
Desert. Discharge in Oasis Valley is estimated to range 
between 2,000 acre-ft./year (Rush, 1970) and 3000 acre-ft./ 
year. (Blankennagel and Weir, 1972) However, before arriv­
ing in the Central Amargosa Desert, the flow system may 
receive an additional 3,000 acre-ft./year of recharge in 
Oasis Valley, Crater Flat, and Northwestern Amargosa Desert 
(Rush, 1970). Thus, the quantity of flow finally arriving 
in the Central Amargosa Desert is on the order of 7,000 
acre-ft./year.
As previously mentioned in the discussion under hydro­
chemistry, it is believed that the sodium-mixed anion water
152
common to the Northwest Central Amargosa Desert originates 
from the above sources. The lengthy and complex flow path 
of this flow system with a major sink in Oasis Valley may 
account for the rather different water quality in the North­
west Central Amargosa Desert, as compared to that of the 
Fortymile Canyon system. From the Northwest Central Amar­
gosa Desert, as indicated by hydrochemical evidence, this 
water may flow either south through the alluvium below the 
course of the Amargosa River, or southwest through the car­
bonate aquifer to Death Valley.
Underflow from the West Central Amargosa Desert to Death 
Valley has been discussed in considerable detail by Winograd 
(1971). In addition to the hydrochemical evidence, it is ap­
parent that a ground-water potential difference favoring 
underflow does exist between the two valleys, and a favorable 
distribution of aquifers in the Southern Funeral Mountains 
also lends credibility to the flow scheme. Indirect evidence 
which favors underflow includes comparison of the small 
amount of precipitation received by the Funeral Mountains to 
the relatively large spring discharge (Travertine, Texas 
and Nevares Springs) in the Furnace Creek area, and the 
influx of a rather large quantity of water into a limited 
area in the Northwest Central Amargosa Desert. To 
transfer an inflow of 7,00Q acre-ft./year through this 
part of the Amargosa Desert, without disturbing
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the Fortymile Canyon system, would necessitate that the 
alluvial aquifer in this area have a very high permea­
bility, or that an outlet exists through the carbonate 
aquifer to Death Valley. Considering the above observations, 
the author suspects that the 5,000 acre-ft./year discharge 
in the Furnace Creek area.(Hunt et al., 1966, Table 25) is 
probably from the Western Amargosa Desert. However, 
further investigation of the ground-water potential dis­
tribution in the alluvial aquifer in West Central Amargosa 
Desert, as well as in the carbonate aquifer of the Southern 
Funeral Mountains, is necessary to verify this flow scheme.
The remaining 2,000 acre-ft/year probably flows south 
through the alluvial aquifer along the course of the Amar­
gosa River. Although data points are rather sparse in this 
area, both potentiometric (Walker and Eakin, 1963, Plate 
5) and hydrochemical evidence indicate the feasibility of 
this flow scheme. High yield wells are not uncommon in 
the alluvial aquifer along the course of the river (Walker 
and Eakin, 1963, Table 3), indicating that, although the 
width of the alluvial aquifer in this area is not great, it 
is probably sufficient to transmit this flow.
Major discharge from this flow system in the Amargosa 
Desert occurs along the bed of the Amargosa River between 
the NW1/4 sec. 37, T.27N., R.4E. (California) and California 
state highway 127. Discharge is entirely in the form of
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evapotranspiration, as no springs occur in the area. 
Phreatophytes (largely mesquites) grow in dense, inpene- 
trable thickets which form a continuous belt of vegetation 
along this reach of the river. In addition to this dis­
charge, some quantity of flow probably occurs in the gravels 
below the course of the river toward Death Valley Junction.
In summary, the Pahute Mesa system is a rather complex 
flow system with sources in Kawich Valley and Gold Flat, 
north of the Nevada Test Site, and sinks in the Oasis 
Valley, Death Valley and the Southern Amargosa Desert.
Northeast Central Amargosa Desert
As previously mentioned, hydrochemical evidence in­
dicates that a local flow system exists in the carbonate 
aquifer immediately east of Lathrop Wells. The maximum 
measured potential in the carbonate aquifer between Lathrop 
Wells and Frenchman Flat is approximately 2390 feet (Wino- 
grad, 1971, Figure 3). From this potentiometric high, the 
zone of saturation decreases toward the south, east, and 
west. South of the potentiometric high, outcrops of the 
clastic aquitard occur at the base of the upper plate of 
the Specter Range Thrust (Plate 5). As this thrust is 
believed to extend below the alluvial cover between the 
Paleozoic outcrops in section 9 and section 21, T.16S.,
R.50E. (Winograd et al., 1971) it is doubtful that sig­
nificant flow exists from this high toward the south. This
potentiometric high is the likely divide between, the Ash 
Meadows regional system and this local system.
Walker and Eakin (1963) note the presence of a lobate 
ground-water high in the alluvial aquifer west of the Paleo­
zoic outcrops in T.16S., R.48E. Geologically, this lobe 
is located just west of the master fault along the east 
side of the Amargosa Desert, and north of the point where 
the Specter Range thrust fault should intersect the master 
fault. Walker and Eakin (1963) interpret this lobe as 
indicating flow from the carbonate aquifer to the east.
As the clastic aquitard occurs in and above the zone of 
saturation at a well located in SW1/4, NW1/4, sec. 24, 
T.15S., R.50E., northeast of the water table lobe in the 
alluvial aquifer, Winograd et al. (1971) believe this lobe 
to be the result of a small amount of upward flow through 
the clastic aquitard.
The shape of this lobe in the alluvial aquitard may 
be, in part, fault controlled. The southern edge of the 
lobe is continuous with a lineament formed by the crowding 
of water contours. This lineament traverses the Amargosa 
Desert from east-northeast to west-southwest (Walker and 
Eakin, 1963, Plate 3). This water table lineament is 
paralleled by a surficial expression in the Quaternary 
Valley fill which indicates that faulting along this trend 
has upthrown the northern block. The trend of this fault
is essentially the same as the Specter Range thrust fault, 
but the common alignment may be coincidental.
Both ground-water potentials in the alluvial aquifer 
(Walker and Eakin, 1963) and hydrochemistry of the area 
indicate that the discharge zone of this local system is 
the area where Rock Valley Wash joins Carson Slough. The 
ground-water potentials in the carbonate aquifer and Ter­
tiary aquitard and aquifer in the area northeast of Lathrop 
Wells are poorly defined. If it is assumed that the area 
west of the potentiometric divide in the carbonate aquifer 
is approximately equivalent to the hydrologic sub-basins 
defined by Rush (1970) for this area, then an idea of the 
magnitude of recharge to this system can be obtained. The 
sub-basins which approximately encompass the area west of 
the potentiometric divide and north of the Specter Range 
thrust are Eastern Jackass Flats and Rock Valley (Figure 
15). Total estimated recharge to these sub-basins is 350 
acre-ft./year (Rush, 1970), making this system the smallest 
recognized flow system in the Central Amargosa Desert.
Southern Amargosa Desert
A final major discharge zone occurs in the Southern 
Amargosa Desert east of Death Valley Junction (Winograd, 
1971). Exclusive of the alluvial fans, the entire valley 
bottom in the area extending from Eagle Mountain up the 
Amargosa River and Carson Slough to points north of the
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county road which connects Ash Meadows Lodge with Death 
Valley Junction is capable of some degree of discharge 
through evapotranspiration. In addition, a small quantity 
of surface flow and possibly some underflow leave the 
Margosa topographic basin past Eagle Mountain.
Carson Slough and its tributaries flow perennially 
as far south as the southeastern edge of the Tertiarv 
playa lake sediments shown on Plate 1. Beyond the Tertiary 
barrier, the surface water filters into the alluvium and 
flows as ground water southward into the discharge zone 
north of Eagle Mountain. The discharge zone is also main­
tained by flow from the Fortymile Canyon system and the 
Pahute Mesa system. This discharge zone, then, represents 
the final sink of the flow systems within the Amargosa 
Desert.
Hydrologic Budget
The following discussion represents the author's 
assessment of a hydrologic budget for the Amargosa Desert 
based upon the work of previous investigators. The ass nitra­
tion is made that all sources and sinks in the Amargosa 
Desert and vicinity have been identified, and that certain 
estimates previously noted are more accurate than others.
Walker and Eakin (1963) calculated that evapotranspira 
tion within the Amargosa Desert topographic basin could 
discharge 23,500 acre-ft./year to the atmosphere. in
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addition, they estimated that out flow from the basin past 
Eagle Mountain is on the order of 500 acre-ft./year.
Probable underflow to Death Valley is approximately equal 
to the discharge in the Furance Creek area, or 5,000 acre- 
ft./year (Hunt et al., 1966, Table 25). Thus, discharge 
from the Amargosa Desert is on the order of 29,000 acre-ft./ 
year.
Recharge to the Amargosa Desert is more difficult to 
define. Estimates of recharge to the Pahute Mesa and Forty- 
mile Canyon systems given by Rush (1970) are probably 
fairly accurate, as dimensions of the catchment area of 
these flow systems are less controversial and as one check 
of actual grcund-water flow is possible at Pahute Mesa 
(Blankennagel and Weir, 1972). Numerically, this recharge, 
less discharge in Oasis Valley, is estimated to be 9,000 
acre-ft./year. The remaining 20,000 acre-ft/year recharge 
should originate in the Ash Meadows regional system. As 
the boundaries of the Ash Meadows flow system are imprecise­
ly defined (Rush, 197.0; Winograd, 1971) , the author believes 
that this estimate of recharge, derived from the hydrolo­
gic budget, is most accurate.
It was previously noted that 17,000 acre-ft./year dis­
charge occurs as spring discharge at Ash Meadows. In ad­
dition, 1,000 acre-ft./year are believed to discharge by 
evapotranspiration from Amargosa Flat. Diffuse discharge
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in the spring area at Ash Meadows may account for the re­
maining 2,000 acre-ft./year.
Perched Systems
As previously noted, perched flow systems occur in the 
Amargosa Desert and vicinity under certain geologic con­
ditions. Specifically, when the thick Pliocene and Pleis­
tocene gravels of the Funeral Fanglomerate or its approxi­
mate equivalents overlie the late Tertiary playa lake sedi­
ments, local recharge can cause a zone of saturation to 
form in the gravels above the finer-grained sediments. In 
both cases where these systems were examined in detail, dis­
charge occurred along a diffuse zone at the base of the 
gravels. Total discharge, including evapotranspiration and 
spring flow, probably does not exceed 40 gpm in either case.
Navel Spring, located in Furnace Creek Canyon, dis­
charges from the Funeral Fanglomerate at an elevation of 
2080 feet. A syncline which plunges toward the spring 
forms the catchment basin in the Funeral Fanglomerate (Mc­
Allister, 1970). The areal extent of the catchment basin 
is probably not greater than two square miles, and the mean 
annual precipitation at this location is approximately five 
inches (Winograd et al., 1971, Figure 3). Acknowledging 
that the above estimates are probably maximum for each 
parameter, total discharge appears to be approximately 12% 
of the mean annual precipitation.
Grapevine Spring occurs in a similar geological situa­
tion at the north end of the Resting Springs Range. The 
catchment area of this spring is less well defined and 
discharge even more diffuse than at Navel Spring, As the 
orographic influence of the Resting Springs Range is less 
than that of the Funeral Mountainsf mean annual precipi­
tation probably does not exceed four inches (Winograd et al., 
1971, Figure 3), During the winter of 1971, while sampling 
the spring, the author noted that discharge was substantially 
above that observed the previous summer. This increase was 
probably related to a rainstorm of the previous day and is 
indicative of the large effect recharge events have upon 
discharge in these small systems.
The significance of these observations is that recharge 
can occur at lower elevations in arid climates. Although 
precipitation is small, the low intensity winter precipita­
tion in this region allows for only slight runoff until 
soil moisture requirements are fulfilled. High intensity 
summer thunderstorms frequently cause runoff, but add lit­
tle to the ground-water system. Thus, recharge is not only 
a function of orographic influence, but related also to 
rainfall intensity in this region. It is possible then, 
given the proper geological conditions, even the lower 




Significant conclusions with regard to the geology 
and hydrostratigraphy of the Southern Amargosa Desert are:
1. The influence of ground-water discharge on 
late Pleistocene sedimentation in the Ash 
Meadows area is evinced by the abundance of 
marls, fresh-water limestones, and travertine 
tule molds in the depositional record.
2. A barrier to ground-water flow, consisting of 
Tertiary playa lalce sediments, and possibly of 
Precambrian and Paleozoic clastic sediments, 
parallels the California-Nevada State line.
3. Thrusting, in the form of gravity sliding, may 
be an important cause of secondary permeability 
in the carbonate aquifer east of Ash Meadows.
With regard to the hydrochemistry the following con­
clusions are significant:
1. Calcium to magnesium percentages indicate that 
the Ash Meadows flow system is recharged in the 
higher carbonate ranges to the northeast. The 
chemical character of calcium-magnesium bicar­
bonate waters in the recharge area is altered
by downward cross-flow from the Tertiary 
aquitard into the carbonate aquifer before 
discharging at Ash Meadows.
2. Sodium bicarbonate character of ground water 
in the Central Amargosa Desert and Western 
Jackass Flats is probably the result of 
weathering of welded rhyolite tuffs in the 
Fortymile Canyon area by meteoric waters 
recharging the ground-water system.
3. Hydrochemical isopleth maps were found to be 
a useful tool in the delineation of flow sys­
tems in the central Amargosa Desert.
4. Ion exchange processes in alluvial aquifers 
can effectively alter the chemical character 
of the ground water along a flow path, masking 
flow direction.
With regard to hydrogeology, the following conclusions 
are considered significant:
1. Ash Meadows is the primary sink of a large 
regional flow system which receives its re­
charge in the higher carbonate ranges to 
the northeast.
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2. Within the Amargosa Desert topographic basin, 
a large flow system has been identified pri­
marily from hydrochemical evidence. The re­
charge zone of this flow system is the Forty- 
mile Canyon drainage area, its zone of lateral 
flow is the central and northern Amargosa Desert, 
and its discharge zone is the west side of Car- 
son Slough north of the California-Nevada State 
line.
3. Sources and sinks of ground water in the west 
central Amargosa Desert remain poorly defined. 
This water is believed to originate in the 
Pahute Mesa flow system and discharge in the 
southern Amargosa Desert and Death Valley.
4. Small perched flow systems exist at low eleva­
tions in the southern Amargosa Desert and 
Furnace Creek areas. These systems indicate 
that recharge can occur at lower elevations 
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APPENDIX I
PRECAMBRIAN AND PALEOZOIC STRATIGRAPHY 
IMMEDIATELY EAST OF ASH MEADOWS 
PRECAMBRIAN AND CAMBRIAN
Wood Canyon Formation
The upper part of this formation is exposed at the center 
of an anticline located in sec. 15, T.18S., R.51E. Light 
green and light gray silty shales, quartzitic siltstones, 
and quartzites are the most common lithologic units en­
countered. Thin, cross-bedded, grayish red purple quart­
zites, often with Scolithus tubes, are common to most of 
the section. Six pale yellowish brown, sandy dolomite 
beds, two to five feet thick, occur near top of section. 
These beds weather to a distinctive orange color and form 
a stratigraphic marker almost unique to this formation.
The upper contact of the formation was taken at the upper­
most silty shale bed beneath the Zabriskie Quartzite.
Burchfield (1964) reports a formational thickness of 2,278 
feet, while at its type section near Johnnie, 2,100 feet 
is reported (Nolan, 1929). These sections include the 
overlying Zabriskie Quartzite as an upper member. Hunt 
and Mabev (1966) measured a 2,585 foot section, exclusive 
of the Zabriskie Quartzite, in Death Valley. As eastward 
thinning is indicated, the section at Ash Meadows is pro­
bably between the above extremes.
Although vague impressions such as oolites and pelmatazoan 
fragments in the dolomites and Scolithus tubes in the 
quartzites occur, no identifiable fossils were found. How­
ever, other workers in the area have found evidence that 
the upper part of the formation is Early Cambrian, while the 




The Zabriskie Quartzite is a relatively clean, reddish, 
fine-to coarse-grained quartzite which often forms re­
sistant ledges throughout the region. Desert varnish and 
weathering give, the unit a characteristic maroon color 
which is distinctive at distance. The section thins rapidly 
eastward (Steward, 1967) and east of Ash Meadows is es­
timated by the author to be about 200 feet thick. Except 
for an abundance of vertical Scolithus tubes, the formation 
is unfossiliferous and receives a Early Cambrian age from 
its stratigraphic position (Cornwall, 1972).
Carrara Formation
The Carrara Formation immediately east of Ash Meadov/s is 
often incomplete due to low angle faulting. A complete 
section is found in sec. 31, T.18S., R.32E. along the trail 
from Ash Meadows to Johnnie. The formation itself represents 
a transitional environment from the Zabriskie Quartzite be­
low to the dolOmitic limestones of the overlying Bonanza 
King Formation (Burchfield, 1964). The formation is dom- 
inately argillaceous in the lower half and carbonate in the 
upper half.
The basal part of the formation is composed primarily of 
light green and red shales which become slightly calcareous 
higher in the section. These shales are often micaceous 
and slickensided from bedding faults. Two light gray 
pisolitic limestone units occur in the upper half of the 
formation. These thick-bedded limestones are separated by 
calcareous siltstones consisting of thin-bedded, inter- 
bedded light gray limestone and light orange siltstone which 
have a platy character. Where bedding surfaces are exposed, 
these silty limestones exhibit interference ripple marks.
At the top of the section the platy siltstone grades into 
the basal member of the Bonanza King Formation by the gradual 
replacement of the thin-bedded, light orange calcareous 
siltstone by dark gray dolomitic limestone. The upper con­
tact is taken to be at the horizon of transition.
In its type locality at Bare Mountain, the Carrara Formation 
is 1,785 feet thick (Cornwall and Kleinhampe, 1961), while 
Burchfield (1964) reports a 1,500 foot thickness in the 
Specter Range. Although no field measurements were under­
taken, careful measurements of mapped outcrop on a 1:24,000 
base indicate that it is doubtful that the formation exceeds
173
1,000 feet at this locality.
Apart from a few poorly preserved cephalons of trilobites, 
the ubiquitous occurrence of "trilobite-trash", similar to 
that described by Hunt and Mabey (1966), and "Girvanella" 
pisolites, no identifiable fossils were encountered. The 
formation has been adequately dated in other areas as Early 
and Middle Cambrian (Cornwall, 1 9 7 2 Burchfield, 1964).
Bonanza King Formation
The Bonanza King Formation is divided into two members at 
the Nevada Test Site (Barnes et al., 1962), and as this 
division was found to be applicable immediately east of 
Ash Meadows, it will serve as a model for the following 
description.
In the water gap on the Johnnie Trail just west of the pre­
viously described Carrara Formation are excellent exposures 
of the lower member. This member, the Papoose Lake Member, 
is composed primarily of dolomitic limestone at this local­
ity. As the thin-bedded silty limestone of the Carrara For­
mation grades into the light and dark gray dolomitic lime­
stone of the basal unit, the thin bedding becomes more flag­
gy or cuspate, giving the unit a mottled appearance. The 
basal unit is a consistent cliff former and is 465 feet 
thick. Thin-bedded to laminated light gray limestone, 
interbedded with thick beds of light and dark gray limestone 
and orange weathering thin-bedded silty limestone compose 
the next 265 feet. The distinctive features of the second 
unit are the orange weathering silty limestones, which occur 
at the base and top of the unit. The remaining 405 feet 
of the lower member consists of interbedded thick beds of 
light and dark gray limestone, in which a 55 foot thick bed 
of light gray limestone occurs 150 feet from the top. The 
middle sub-unit is mottled with thin cuspate beds of buff 
and orange weathering silty limestone. The occurrence of 
stromatolites in the light gray, laminated limestone and 
chert lenses just below the top were noted in the uppermost 
sub-unit.
The entire member is 1,105 feet thick. Burchfield (1964) 
measured a section 1,188 feet thick at the eastern extreme 
of the Specter Range, but thicker sections have been reported 
from areas north of this locality (Burchfield, 1965; Barnes 
et al.r 1962),
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The Banded Mountain Member of the Bonanza King Formation has 
been previously described by Denny and Drewes (1965) in the 
Ash Meadows Area, and the following is an adaptation of 
their work.
An orange weathering silty limestone of varying thickness is 
the basal unit and a stratigraphic marker of the upper mem­
ber. At the water gap on the trail to Johnnie, this basal 
unit consists of a cherty, buff weathering, light gray silty 
limestone that rapidly grades upward into orange weathering 
calcareous siltstones and shales which compose most of the 
sub-unit's thickness. At this locality, the unit is 75 
feet thick and interbedded with two thick-bedded dolomitic 
limestones. Further north, in the area east of Devils Hole, 
the basal unit is 100-200 feet thick (Denny and Drewes,
1965). This unit grades into the overlying, dark gray, 
dolomitic limestone and causes it to appear mottled.
The next three units above the basal siltstone are very 
similar to those described by Cornwall and Kleinhampl (1961) 
at Bare Mountain, forming three distinctive bands, each about 
200 feet thick. These bands are each a distinctive shade; 
the lower being dark gray, the middle a light gray, and the 
upper a medium gray; and consist of thick-bedded dolomitic 
limestone. Between these bands and the overlying Dunderberg 
Shale, an indeterminate amount of interbedded chick beds of 
light and dark gray dolomitic limestone is present.
A complete unfaulted section of the Banded Mountain Member 
is not available in this area. In the Specter Range, Burch­
field (1964) measured a section 1,843 feet thick, while the 
section at the Nevada Test Site is 2,440 feet thick (Barnes 
et al., 1962).
No fossils were found in the Bonanza King Formation by this 
investigator. Denney and Drewes (1965) report a Middle 
Cambrian assemblage from the basal clastic unit of the Banded 
Mountain Member immediately east of Ash Meadows, while Hunt 
and Mabey (1966) found evidence for a Middle Cambrian age in 
the Papoose Lake Member. However, Barnes et al. (1962) noted 
Late Cambrian fossils near the top of the Banded Mountain 
Member, thus reporting an age of Middle and Late Cambrian,
Dunderberg Shale
A single outcrop of this formation occurs in sec. 17, T.17S., 
R.50E. in the form of an erosional saddle. The lower half of 
the formation consists of brown weathering calcareous shale 
and siltstone which grade upward into thin-bedded light gray
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limestone. In the upper half of the formation, the thin-' 
bedded limestone predominates and is interbedded with thin- 
bedded dark gray limestone which, in turn, predominates 
higher in the section. This dark gray limestone grades 
upward into the more crystalline limestone of the Nopah 
Formation. Thus, the upper contact is gradational and 
rather indistinct while the lower contact is sharp but con­
formable.
Denney and Drewes (1965) estimated the formation to be 150 
feet thick at this location, and collected a large assemblage 
of fossils from the basal shaley limestones. These proved 
to be equivalent to the Late Cambrian Dunderberg Shale in 
other areas.
Nopah Formation
The Nopah Formation outcrops just north of the Dunderberg 
Shale and forms a distinctive black hill just east of Longs- 
treet Spring. Only a few hundred feet of the basal part of 
the Nopah Formation are exposed here. Approximately the 
first thirty feet are thick-bedded, dark gray, crystalline 
limestone interbedded with a few beds of finer grained 
limestone. The remainder of the outcrop consists of massive, 
dark gray to black crystalline dolomite. The cream colored 
dolomite beds described by Burchfield (1964) as occurring 
near the base of the formation in the Specter Range are not 
present here.
Burchfield (1964) reports a section 1,063 feet thick in the 
Specter Range, but thicker sections have been measured else­
where in the Amargosa Desert (Burchfield, 1965; Cornwall and 
Kleinhampl, 1961). The formation is unfossiliferous at this 
locality and has been found to be similarly so in other areas. 
It is generally accepted as being Late Cambrian, but the 
upper part may be Early Ordivician (Burchfield, 1965).
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APPENDIX II
GEOMORPHOLOGICAL NOTES ABOUT 
SPECIAL FEATURES AT ASH MEADOWS
As an adequate discussion of geomorphic features com­
mon to Ash Meadows is to be found in the report by Denney 
and Drewes (1965), only three specific features will be 
discussed in this report.
Devils Hole
One of the more perplexing geomorphic features at Ash 
Meadows is Devils Hole. This large, nearly vertical, water- 
filled cavern has been described as a structurally controlled 
solution feature in the Bonanza King Formation (Denney and 
Drewes, 1965; Worts, 1963). An excellent description of 
this feature is given by Worts (1963, p. 12) and is excer­
pted here :
This brief reconnaissance indicates that Devils 
Hole is in large part structurally controlled.
The northeastward alinement of the pool and 
opening is controlled by a nearly vertical 
fault, which strikes about N40E (right wall).
The strike of the carbonate strata, which are 
intensely fractured, is nearly at right angles 
to the fault and is about N.43W.: the strata dip 
about 40 W. Two faults having minor displace­
ment are exposed in the walls of Devils Hole:
One exposed on the northeast end of the opening 
has a strike and dip of about N.40W., 70E.; the 
other exposed along the northwest side has 
strike and dip of N.20E., 75S (left wall).
At the time Worts (1963) mapped the cavern, the pool 
surface, which is about 50 feet below land surface, was 
approximately 40 feet long and 10 feet wide. At various 
times in the past 20 years, divers descending into the 
hole have described more and larger rooms at depth (McLane,
1971) .
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The solution hypothesis for formation of the hole is 
interesting in light of hydrochemical data available (Table 
5) . These data suggest that the present water is very 
slightly supersaturated with respect to calcite, with an 
apparent decrease in supersaturation with depth. In ad­
dition, one can observe friable, white calcium-carbonate 
precipitates ringing the hole at various elevations above 
the present water surface at Devils Hole (Figure 16). As 
supersaturation of PCC^ with respect to the atmosphere is 
also a noted characteristic of these waters, it is suspected 
by the author that these "bath tub" rings are the result of 
the loss of carbon dioxide to the atmosphere at the air- 
water interface and the subsequent precipitation of cal­
cium carbonate.
In addition to the above, evidence of supersaturation 
with respect to calcite is found at depth in Devils Hole in 
the form of cobbles coated with a 2 mm thick layer of cry­
stalline calcite (P. J. Mehringer and C. V. Haynes, 1972, 
in-house report to the Desert Research Institute). This 
precipitate must have been relatively recent as the well 
rounded cobbles probably were derived from fan material 
outside the hole.
Evidence of solution of the Paleozoic limestone is also 
to be found in Devils Hole. Winograd (1971) notes the 
presence of solution notches to an elevation as high as 20 
feet above the present water level. Immediately below each 
calcium carbonate ring, the Paleozoic limestone wall has 
been undercut by solution. Thus, it would appear that, 
while precipitation occurred at the air-water interface 
solution was occurring at only a few inches below the 
interface.
Bearing in mind that the Bonanza King Formation is not 
a pure limestone, as about 20% of the crystalline lattice 
sites are occupied by magnesium rather than calcium (Denney 
and Drewes, 1965), we can, if we assume that the formation 
effectively reacts as a limestone, bring the above observa­
tions into correspondence. In water supersaturated with 
respect to atmospheric PCC^, it is difficult to obtain the 
accurate pH measurements necessary to calculate equilibrium. 
Thus, the values of supersaturation with respect to calcite 
indicated in Table 5 are quite possibly too high. If it is 
assumed that saturation with respect to calcite exists only 
at the surface of the pool, and that the relative saturations 
are correct, then those values for samples taken at depth 
would probably indicate undersaturation. This distribution 
of saturations with respect to calcite would appear reasonable
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in light of the field observations, as it could explain both 
the calcium carbonate rings and the solution of the Paleo­
zoic limestone. The crystalline calcite at depth may best 
be explained by noting that it is probably a more highly 
ordered structure than the simple precipitates at the sur­
face, thus requiring a longer time in its formation, and 
possessing a slightly smaller solubility product than the 
finer-grained precipitates.
Along the southeastern edge of Devils Hole, a white 
sparry calcite is overlain by and partially cements fan 
gravels. Mehringer and Haynes (1972, in-house report to 
the Desert Research Institute) consider that the crystalline 
calcite found at depth in Devils Hole and this deposit are 
probably of the same origin. As the sparry calcite at the 
surface is found at the lip of Devils Hole at its most likely 
spill point, it is probable that the hole was once an active 
spring, and that this deposit is the result of Pleistocene 
flow from the hole. As the deposit is at the approximate 
maximum elevation of marls and limestones throughout the 
area, flow from the hole probably occurred only when the 
ground water in the carbonate aquifer was at its peak 
Pleistocene potential.
Ercsicnal Surface Near Longstreet Spring
Large remnants of an erosional surface exist north of 
Fairbanks Spring and south of Longstreet Spring. This sur­
face is protected by a veneer of slaggy calcareous noduls 
apparently winnowed from the Pleistocene clay and marl units 
which they overlie. The surface itself was probably the re­
sult of fluvial erosion. Later deflation removed loose fine­
grained clay and marl, leaving behind a desert pavement 
consisting of marly limestone fragments. This surface may 
be equivalent to the erosional surface below the travertine 
capped mesa in SW1/4 SW1/4 sec. 23, T.17S., R.50E.
Spring Mounds
Spring mounds occur not infrequently at Ash Meadows and 
are rather numerous in the area south of Big Spring. These 
mounds consist of calcium carbonate cemented eolion products 
which have accumulated on their moist flanks. The mounds 
generally have a haystack shape, although some are elongate. 
These mounds apparently reflect the higher vertical potential 
to be found with increasing depth in discharge areas. Haynes 
(1967) notes that these mounds are probably associated with 
springs of small discharge, which allows for the accumulation
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of eolian materials. The mounds can grow vertically until 
their elevation is equal to the potential tapped by the 
spring. Thus, the elevation of these mounds reflect po­
tentials at some unknown depth.
APPENDIX III
Selected Well Logs from the Ash Meadows Area
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SAMPLE LOG (E. L, REED, 1967, Unpublished data)
17/50 9dd, Spring Meadows Inc.
MATERIAL THICKNESS,FT. DEPTH,FT.
Soil, sand, peat moss 30 30
100% white-gray clay and marl with sand embedded - 5 - 35
100% white-gray marl and bentonitic clay 5 40
100% tan benetonitic clay and marl 10 50
100% white-tan clay, some marl 5 55
80% as above, 20% white marl 5 60
90% tan bentonitic clay, 10% white marl 5 65
100% tan waxy bentonitic clay 5 70
100% light tan waxy bentonitic clay 5 75
80% white marl, 20% clay (possible crevice)
90% white-gray dense sandy pitted calcalcareous
5 80
spring deposit 5 85
100% tan bentonitic clay 5 90
95% tan bentonitic clay, 5% marl 5 95
100% clay 5 100
100% white-tan bentonitic clays
100% white-tan bentonitic clays with increase of
40 140
white marl 20 160
100% tan clays 15 175
100% gray clay (not waxy) 5 180
100% clays (tan-brown) 15 195
100% clays with marl inclusions 5 200
95% brown bentonitic clay, 5% marl 10 210
100% white-gray clays, trace marl
100% gray-white fine-medium sandstone slight
15 225
calcareous (gravel)
80% gray-white sandy limestone gravel and dark
5 230
dense siliceous gravel
100% white angular-round limestone gravel 1/4",
5 235
some black siliceous 10 245
d.o. slightly coarser 3/8" poorly sorted 5 250
Limestone gravel with increase of clay 10 260
100% white marl some gravel with clay 10 270
Marl and clay 5 275
driller's log
17/50 16da, Nye County Land Co.
MATERIAL THICKNESS,FT. DEPTH,FT,
Fine sand, some limestone 40 40
Clay, sandy limestone 60 100
Limestone, clay, some gravel 10 110
Clay, some limestone 25 135
Clay, limestone 80 215
Blue clay, limestone 43 258
White limestone 7 265
Decomposed white limestone 20 285
Limestone, sand, clay 20 305
White limestone 5/ 310
Limestone, sand, clay 5 315
Sandy clay 20 335
White limestone, sand 15 350
Gray sand, clay, limestone 5 355
White limestone and clay 15 370
White limestone, hard sand 10 380
White limestone, clay 10 390
Brown fine sand, some clay 25 415
White limestone, sand, clay and gravel 20 435
Brown sticky clay, sand 45 480
Sand, some clay 50 530
Brown sticky clay 8 538
Brown clay, packed sand, trace gravel 53 591
Sand, clay 11 602
Specific Capacity, .84 gpm/ft.
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SAMPLE LOG (E. L. REED, 1967, Unpublished data)
17/50 17dd, Spring Meadow Inc.
MATERIAL THICKNESS,FT. DEPTH,FT.
Unlogged 25 25
100% white clay and marl 5 30
d.o. with fine to coarse embedded sand 20 50
100% white marl, clay with embedded sand 20 70
100% tan-gray clay (bentonitic) 20 90
Tan-gray bentonitic clay with some marl 10 100
80% tan-gray bentonitic clay, 20% white marl 10 110
90% tan-gray-green bentonitic clay, 10% white marl 10 120
100% gray bentonitic clay




60% clay, 30% white-gray marl, 10% argilaceous
10 140
sand 10 150
100% clay, some marl 10 160
70% clay, 30% marl 10 170
80% clay, 20% marl with some sand 10 180
60% clay, 30% white marl, 10% sand 10 190
100% tan bentonitic sandy clay 10 200
90% clay, 10% white marl 10 210
100% silty clay gray to tan
80% silty clay gray to tan, 20% white lime-
15 225
stone gravel to 3/8"
85% tan-green bentonitic clay, 10% argilla-
5 230
ceous sand, 5% white marl 
70% tan-green bentonitic clay, 30% argilla-
10 240
ceous sand, some porosity 10 250
100% tan sandy clay, some white marl 10 260
70% white argillaceous marl, 30% tan sandy clay 10 270
100% tan argillaceous sand 20 290
80% green argillaceous fine sand, 20% white marl 10 300
100% argillaceous fine-medium sand
100% argillaceous fine-medium sand with trace
10 310
marl
80% tan argillaceous sand, 20% tight limey
10 320
sand (gravel)
100% white-gray limey sand gravel and limestone
10 330
gravel, angular to round 3/8" 10 340
100% tan sandy clay with some marl 10 350
75% tan sandy clay, 25% marl 10 360
80% tan sandy clay, 20% marl 10 370
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Sample Log (E. L. Reed) - Continued
17/50 17dd
MATERIAL THICKNESS,FT, DEPTH,FT.
70% tan-white argillaceous sandy limestone
gravel up to 1/2" 10 390
15% tan-white argillaceous sandy limestone
gravel, 85% tan bentonitic clay 10 400
100% tan silty sandy bentonitic clay 
100% tan silty sandy bentonitic clay with
10 410
some white marl 40 450
d.o. with some embedded limestone gravel 
Tan argillaceous sand, medium gravel, some
20 470
limestone 10 480
100% tan fine-medium-coarse loose quartzi-
tic sand (rewashed) 10 490
100% as above with considerable clay 10 500
100% tan fine-medium argillaceous sand 10 510
100% vari-colored argillaceous sand 10 520
100% sand, limestone gravel up to 3/4" 10 530
100% argillaceous sand with some gravel 10 540
100% fine-medium sand 10 550
100% sand with clay inclusions 8 558
Specific Capacity, 0.21 gpm/ft.
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driller's log
17/50 23bbd, Spring Meadows Inc.
MATERIAL THICKNESS,FT. DEPTH,FT.
Limestone, white 48 48
Limestone, black 92 92
Specific Capacity, 6.4 gpm/ft
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driller's log




Fractured lime and water 
Brown clay sand and lime 
Lime





Gray sand and clay 
Water sand
Sand, clay and gravel 
Sand and gravel*
Cemented gravel 
Sand, gravel and quartz* 
Cemented gravel 
Water sand*























indicated as water-bearing. 
Specific Capacity, 9.5 gpm/ft.
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SAMPLE LOG (E. L. Reed, 1967, Unpublished data)
17/50 36dc, Spring Meadows Inc.
MATERIAL THICKNESS,FT. DEPTH,FT.
White bentonitic clay, calcareous with
fragments limestone, gravel 10 10
White chalky marl 10 20
Tan bentonitic clay with marl fragments 
White-tan bentonitic clay with embedded
10 30
marl, black gravel 60 90
White, red, gray angular gravels, quartz,
limestone, very hard 5 95
White endurated calcareous limestone,
smooth and holes or chambers 5 100
Black-brown, dense dolomite, fine crystals
and lime gravels 5 105
Gravels, black, white, red, semi-angular,
limestone, quartz, dense up to 3/8" 
to pebble 2" 5 110
Clean gravels as above 5 115
d.o. with trace tan bentonitic clay 
Clean coarse gravels, black limestone semi-
5 120
angular 1/4 to 1" 60 180
Gravel with some clay 5 185
Gravel coarse up to 3/4"
Gravels, coarse, black, gray, red, white
15 200
semi-rounded, some angular 1/2" 48 248
Specific Capacity, 23 gpm/ft.
DRILLER'S log
18/50 5aa, Nye County Land Co.
MATERIAL THICKNESS,FT. DEPTH
Lime and clay 40 40
Hard lime 5 45
Brown clay 25 70
Clay, streaks of lime, little pea gravel 35 105
Clay, little lime 25 130
Hard brown clay 20 150
Gray clay 30 180
Gray clay with lime, sandy streaks 40 220
Hard lime and gravel 15 235
Clay and gravel 4", layers of lime 25-' 260
Hard lime and streaks of sandy clay 25 285
Sandy clay, silty gray clay, and little gravel 60 345
Silty blue clay, mixed 60 405
Tough brown clay, mixed 60 465
Blue and brown clay, mixed 19 484
Blue clay, hard, streaks of shale 161 645
Tough blue clay and silt 12 657
Specific Capacity, 0.89 gpm/ft.
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SAMPLE LOG (E. L. Reed, 1967 Unpublished data)
18/50 lldd, Spring Meadows Inc.
MATERIAL THICKNESS,FT, DEPTH,FT.
Unlogged
Buff-white chalky marl, traces quartz, red
25 25
sand, small solution porosity 5 30
85% d.o., 15% gray bentonitic clay inclusion 5 35
75% d.o., 25% tan bentonitic clay
100% white chalky limey marl, some solution
5 40
porosity, trace gypsum crystals 5 45
100% buff white chalky marl, trace clay 5 50
75% marl, 25% white, gray bentonitic clay 
100% white limey clay (Character: swell with
5 55
water), trace gypsum crystals 5 60
100% limey clay 5 65
100% white-buff limey clay
80% white marl with porosity, 20% clay
5 70
inclusion 5 75
80% white marl, 20% tan clay 5 80
Light brown bentonitic clay, trace marl 
Gray bentonitic clay, compact, trace lime­
5 85
stone, sand and gypsum crystals 
90% white dense to chalky limey marl, 10%
10 95
tan bentonitic clay
80% tan bentonitic sandy clay, 20% white
5 100
limey marl 5 105
60% clay, 40% limey marl 5 110
80% clay, 20% white limey marl 10 120
90% tan clay, 10% marl crystals
75% clay, 15% gypsum and quartz grains,
5 125
10% marl
90% gray-orange bentonitic clay, 10% gypsum-
5 130
quartz, trace marl
100% green-gray silty bentonitic clay, trace
5 135
limestone flakes 5 140
100% white bentonitic clay with impurities 
100% white-tan bentonitic clay with flakes
15 155
limestone, sand and gypsum 10 165
d.o. white-gray 5 170
100% gray bentonitic clay
80% white gray bentonitic clay, 20% white
5 175
chalky marl with solution porosity 
100% gray clay with fragments limestone, sand,
5 180
gypsum, etc. 10 190
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Sample Log (E, L. Reed) - Continued
18/50 lldd
MATERIAL THICKNESS,FT. DEPTH,FT.
90% clay, 10% white marl 
Skip
90% white-gray bentonitic sandy clay,
10% limestone marl 
100% sandy clay
100% gray sandy bentonitic clay 
100% white sandy limey marl 
30% d.o., 50% clay, 20% white dense 
siliceous limestone
100% tan-gray bentonitic clay with frag­
ments and fine gravels of siliceous 
limestone and quartz sand 
d . o .  clay with fine-medium-coarse sands, 
fine gravel quartz, limestone 
10% white very fine-dense limestone, 80% 
bentonitic clay, 10% sand grains 
80% bentonitic clay, 20% fine-medium red 
sand, trace limestone 
100% limestone and sand and fine-medium 
gravels with tan bentonitic clay 
cemented
100% clay with limestone, sand, quartz 
gravels
d . o .  sand medium-coarse rounded-angular 
Gravels: quartz, dolomite, limestone, 
varied colored up to 3/8" 
d . o .  up to 1-1/2", trace clay 
d . o .  angular 
d . o .  including clay 
d . o .  up to 2"
d . o .  angular-rounded up to 1/2" 
d . o .  angular-rounded up to 1"
Gravels: mostly black, red, brown quartz 
up to 1"
d.o. medium-very coarse 3/4" 
d.o. up to 2"
d.o. inclusions finer gravel, tan, green 
bentonitic clay
Clay with gravels inclusion biotite mica 
and feldspars 
Gravel with clay





























Sample Log (E. L, Reed) - Continued
18/50 lldd
material THICKNESS,FT. DEPTH,:
100% clay with fine-medium-coarse up to 
1/4" 10 600
d.o. clays slightly bentonitic with gravel 
fine-coarse 40 640
d.o. clay with fine-coarse gravel 10 650
Clay cemented gravels 10 660
100% tan-brown slightly bentonitic clay 
with medium-coarse gravels 40 700
Clays, colors change pea green, bento­
nitic less gravels 10 710
Clays green 10 720
Clays tan-gray 10 730
Clays nut brown, bentonitic, calcareous 
with fine mica flakes 10 740
Clay with gravels 10 750
Clays, brown calcareous 10 760
Clay, some white limestone with fine sand 10 770
Sandy clay 20 790
Hard cemented clay with gravel up to 1" 45 835
Cemented gravel up to 2" 15 850
Cemented sand-clay with pea gravel 20 870
Cemented sand and clay 60 930
Hard blue clay 38 968
Specific Capacity, 0.44 gpm/ft.
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18/51 7bb, Spring Meadows Inc.
DRILLER'S LOG
MATERIAL THICKNESS,FT. DEPTH,FT.
Gravel - brown 6 6Clay - white 149 155Limestone - brown 40 195Limestone - white 15 210Clay - gray 25 235Limestone - gray 55 290Clay and gravel - gray 115 405Gravel - gray 55 460Clay - green 40 500
Specific Capacity, 20 gpm/ft.
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18/51 7daa, Spring Meadows Inc,
DRILLER'S LOG
MATERIAL THICKNESS,FT, DEPTH,FT.
Gravel - red 
Clay - gray 
Bentonite - gray 
Clay - brown 
Lime- white 
Clay - gray 
Clay - brown 
Clay - yellow 
Clay - red 
Clay - brown 
Clay - yellow 
Limestone - brown 
















Specific Capacity, 38 gpm/ft.
DRILLER'S LOG
18/51 7dac, Spring Meadows Inc,
MATERIAL THICKNESS,FT, DEPTH,FT,
Sandy soil 8 8
Gravel 17 25
White clay* 29 54
Caliche* 9 63
White clay 15 78
Hard caliche 7 85White clay 11 96
Brown clay 6 102
Caliche 13 115Clay 7 122
Clay & caliche 43 165
White clay 17 182
Brown clay 8 190
Caliche 13 203
Loose caliche (Tools fell free)* 6 209
Limestone 7 216
Loose caliche (Tools fell free)* 8 224
Brown hard caliche 14 238
Limestone 7 245
Green colored clay 20 265
Cemented gravel 35 300
‘Indicated as water-bearing 
Discharge, 1200 gpm
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SAMPLE LOG (E. L. Reed, 1967 Unpublished data) 
18/51 7bdb, Spring Meadows Inc.
MATERIAL THICKNESS,FT. DEPTH,FT.
White clay slightly bentonitic, white 
very fine crystalline chalky lime-
stone
20% tan bentonitic clay, 80% white
chalky dense marl with gypsum very
5 5
fine crystals inclusions c 10
100% pure white chalky to dense marl 
100% above with dense inclusions very
5 15
fine flakes gypsum and sand 5 20
30% tan bentonitic clay, 70% white marl 5 25
100% white chalky marl 5 // 30
10% white clay, 90% marl 
20% white clay, 80% marl with fragments 
gray siliceous angular rock and gyp­
5 35
sum
95% white chalky marl, 5% clay and 
orange, brown quartz fragments,
5 40
porosity
100% cream-tan reworked limestone, la­
minated fine-medium grains to gritty
5 45
porosity 5 50
100% white, chalky marl
100% d.o. considerable tan dense streaks
5 55
siliceous limestone 
15% white bentonitic clay, 85% white
15 70
chalky marl 10 80
50% tan bentonitic clay, 50% marl
10% clay, 90% white very dense to chalky
5 85
marl
100% white chalky to dense marl with
5 90
streaks of vugs 15 105
20% tan clay, 80% marl 5 110
20% white clay, 80% marl 5 115
50% white clay, 50% marl
10% white clay, 90% white chalky-dense
5 120
marl, trace gypsum and chert 15 135
<10% pink bentonitic clay, 60% marl 
70% pink silty tan bentonitic clay,
5 140
30% marl
50% pink silty tan bentonitic clay,
5 145
50% marl 5 150
35% d.o., 65% d.o. 5 155
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Sample Log (E, L. Reed) - Continued
18/51 7bdb
MATERIAL THICKNESS,FT. DEPTH,FT.
25% pink silty tan bentonitic clay, 
75% marl 5 160
20% d.o., 80% d.o. 5 165
100% white tan chalky dense silty marl, 
trace gypsum and chert 15 180
10% clay, 90% white marl 5 185
60% clay, 40% marl 5 190
80% light brown bentonitic clay, 20% marl 5 195
30% light brown bentonitic clay, 70% marl 5 200
40% d.o., 60% d.o. 5 205
70% light brown bentonitic clay, 30% marl 5 210
60% d.o., 40% d.o. 5 215
30% light brown bentonitic clay, 70% marl, 
chalky to dense white limestone-marl 5 220
30% light brown bentonitic clay, 70% marl 5 225
25% white clay, 75% white-tan chalky to 
silty dense marl 5 230
20% white clay, 80% white-tan chalky to 
silty dense marl 5 235
20% d.o., 80% d.o. 5 240
95% clay, 5% white-tan-chalky to silty- 
dense marl 5 245
95% clay, 5% white-tan-chalky to silty- 
dense marl 5 250
90% d.o., 10% d.o. 5 255
50% d.o., 50% d.o. 5 260
80% clay, 20% white-tan-chalky to silty- 
dense marl 5 265
80% d.o., 20% d.o. 5 270
20% clay, 80% white-pink dense to silty marl 55 275
40% clay, 60% white-pink dense to silty marl 5 280
40% d.o., 60% d.o. 5 285
30% d.o., 70% d.o. 5 290
70% tan bentonitic clay, 30% white-pink dense 
to silty marl 5 295
90% tan bentonitic clay, 10% white-pink dense 
to silty marl 5 300
70% clay, 20% marl, 10% silt 5 305
60% clay, 20% marl, 20% gravel black up to 3/8" 
trace porosity 5 310
20% clay, 80% gravel fine-coarse rounded-angu­
lar, pink-black 5 315
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Sample Log (E. L. Reed) - Continued
18/51 7b db
MATERIAL
100% gravel, black, gray, orange siliceous 
up to 3/8", some limestone, fair
THICKNESS,FT. DEPTH
porosity
Gravel, multicolored angular to semi-round 
siliceous rocks up to 1/4", fair
10 325
porosity 5 330
d.o. up to 1/2", slight to fair porosity 
Clay with gravel, orange and black angu-
60 390
lar rock, no prosoity 10 400
d.o., slight to fair porosity
Clay with gravel, orange and black angu-
20 420
lar rockv. no porosity
Fine-medium gravel with clay, sand, gypsum,
55 475
limestone
Gravel fine to medium in tan clay, sand,
5 480
gypsum and black lime 
Clean gravel, white-orange-tan irregular 
shape with sand and limestone- fair
5 485
porosity
Clean gravel, white-orange-tan irregular
5 490
shape with sand, clay, limestone 30 520
Clay-grav bentonitic, some gravel 
Clay-gray bentonitic, some gravel fine to
20 540
sand
Clay-gray bentonitic, some medium-coarse
60 600
gravel 5 605
Clay-gray bentonitic, medium coarse gravel 10 615
Clay with coarse gravel up to 1/2"
Clay somewhat cleaner than previous with
5 620
medium gravels 5 625
Clay with fine gravels and coarse sand 5 630
Clay with sand and fine gravels 5 635
Gravel and some clay
Gravel angular, multi-colored quartz,
20 655
limestone up to 1/4"
Gravel rounded to flaky (ang) fairly clean
20 675
1/4-3/8" 5 680
Gravel with clay 35 715
50% gravel, 50% tan bentonitic silt
30% gravel, 70% tan-gray sandy bentonitic
5 720
clay 5 725
20% d.o., 80% d.o. 5 730
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Sample Log (E. L. Reed) - Continued 
18/51 7bdb
MATERIAL
10% gravel, 90% tan-gray sandy bentonitic
THICKNESS,FT. DEPTH
clay 5 735
100% tan bentonitic clay 5 740
100% clay with embedded fine gravel-sand 
100% clay with embedded fine gravel-
15 755
sand, gritty 5 760
d.o. with reddish streaks clay
100% tan to pinkish bentonitic clays with
10 770
embedded sand 30 800
Clay with influx gravel
10% clay, 90% gravel, rounded to angular,
5 805
- quartz, limestone up to 1/4" 5 810
Clay with gravel and sand
Gravel with fresh black-orange limestone
3 813
(bedrock) 6 819
Specific Capacity, 1.1 gpm/ft.
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APPENDIX IV
Water Analyses from the Southern Amargosa 
Desert and Vicinity
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 PARTS PER M
ILLIO
N










DH 50 ft. 17/50








Embry Well 18/49 
Crystal Spr 18/50 
Clay Pit Spr 18/50 
Clay Pit Spr 18/50 
Spring 18/50
7da A 6/23/71
8c A,P 4/27/58 82 18
2ccb A 8/9/72















67 .00 .10 2.8 2.9 7.7 250 15 .14 494 0 105 26 3.2 .0 .0 :1.4 907 1067 7.6
5 9 15.9 137 14.4 294 0 90 29.2 2.8 <.04 592 734 8.65
27.5 45.5 19 71 7.8 283 0 80 22 1.15 529 613 7.61
23 .04 51 21 66 7.2 311 0 79 22 1.6 .5 .38 559 686 7.4
21 .01 .00 .00 52 19 67 8.1 306 0 78 22 1.4 .3 .00 554 686 7.8
22 .01 .00 <•01 50 24 .89 65 7.6 .085 310 0 76 20 1.6 .2 .00 .32 555 677 .32
23.5 48.3 20.3 69.6 7.5 304 0 81.3 26.1 .50<.04 557 707 7.5
23.0 48.7 20.5 68.4 7.2 300 0 81.3 26.1 •50<.04 553 677 7.41
23.5 46.5 20.3 68.7 7.1 304 0 82.1 26.1 .20<.04 555 677 7.41
24 .00 .23 .02 46 20 .93 69 8.6 .08 301 0 77 20 1.8 .0 .00 .29 545 669 7.9
12 <■05 188 83.7 667 14.1 302 1306 440 12 2.4 3013 3920 7.8
18 .2 .00 34 22 61 7.2 274 0 63 21 1.1 .0 .0 483 595 8.0
61 28.3 13.7 112 10.5 338 0 71 21.3 i . 9 <•04 597 731 8.07
82 25 6.0 75 8.8 219 0 49.3 15.8 1.02 4.03 404 456 7.85
25.5 48 20.1 80 8.8 311 0 92.2 31.5 1.35 593 657 7.35
80.5 23.5 11.8 103 13.7 230 0 107 20.6 2.08 512 627 8.22
47.5 25.5 9.6 141 19 249 12 147 37.5 1.9 644 748 8.4
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CHEMICAL ANALYSIS IN PARTS PER MILLION









































































S i O , A 1 + 3
( N e v a d a )
J a c k  R a b b i t 1 8 / 5 1  1 8 b d b  A 1 0 / 2 0 / 7 0 7 8 . 5 2 4 . 2 0
S p r .
B i g  S p r . 1 8 / 5 1  1 9 a c  A 1 0 / 2 7 / 6 4 8 1 7 5 . 0 8
B i g  S p r . 1 8 / 5 1  1 9 b d  A 4 / 2 9 / 7 1 8 2
B o l e  S p r . 1 8 / 5 1  3 0 a b a  A 7 / 2 7 / 6 2 7 2 3 3 . 1 1
L a s t  C h a n c e 1 8 / 5 1  3 0 a c c  A 1 2 / 2 8 / 7 1 6 7 3 8 . 5
S p r .
C o l d  C r e e k 1 8 / 5 5  I d a  P , A 1 0 / 2 4 / 6 4 5 4 6 . 8 . 0 4
S p r .
W h e e l e r  W e l l  1 8 / 5 5  2 0 c b a  A 1 0 / 2 9 / 6 4 5 0 3 3 . 1 5
G r a p e v i n e  S p r  1 9 / 5 0  2 b d  T d 1 2 / 2 6 / 7 1 5 1 3 6
W i l c o x  W e l l 1 9 / 5 3  3 4 a c  A 1 0 / 2 6 / 6 4 7 8 1 6 . 0 4
M o n d r a g o n 2 0 / 5 2  6 d d  A 8 / 2 0 / 7 2 2 9
W e l l
M a n s e  S p r . 2 1 / 4 5  3 a d c  A 1 0 / 2 8 / 6 4 7 5 1 3 . 0 4
( C a l i f o r n i a )
N e v a r e s  S p r  2 8 / 1  3 6 b d  P 1 0 3 2 8 . 0 1
N e v a r e s  S p r 2 8 / 1  3 6 b d  P 1 0 / 1 9 / 7 1 1 0 4
T e x a s  S p r . 2 7 / 1  2 3 a b  A , T d 9 1 2 5
T e x a s  S p r . 2 7 / 1  2 B a b  A , T d 1 0 / 1 9 / 7 1 9 0
T r a v e r t i n e 2 7 / 1  2 5 b b  A , T d 9 0 3 6 . 0
S p r .
T r a v e r t i n e 2 7 / 1  2 5 b b  A , T d 1 0 / 1 8 / 7 1 9 6
S p r .
F e - P 3 M n + 2 C 3 + 2 M g + 2 S r - P 2 N a + K + L i + H C O i
. 0 4 < • 0 1 1 6 0 9 5 4 . 2 4 2 0 2 1 . 2 1 1 6 8
. 0 3 . 0 0 4 8 1 4 9 5 9 . 0 3 1 1
5 0 . 9 i 1 3 . 9 1 0 6 8 . 6 3 0 1
. 0 3 3 8 1 9 . 6 0 1 0 6 9 . 2 . 1 7 3 0 6
1 7 . 2 : 6 . 5 9 2 1 0 2 1 8
. 0 1 . 0 0 7 3 1 2 1 . 8 . 4 2 8 3
. 1 6 . 0 0 6 3 2 9 1 0 9 . 6 3 6 2
1 6 . 5 ' 2 2 . 8 8 9 0 4 9 . 8 8 5 0
. 0 0 . 0 0 5 6 2 2 5 . 5 1 . 6 2 5 8
1 3 . 6 2 2 4 1 . 9 4 . 8 2 0 2
. 0 2 . 0 0 5 0 2 2 4 . 7 . 9 2 2 8
. 0 3 . 0 0 4 3 2 0 1 . 0 1 5 5 1 1 3 4 4
4 7 . 3 1 7 1 4 0 1 0 . 2 3 2 3
3 5 2 0 1 5 5 1 2 3 4 8
4 0 . 9 1 4 . 6 1 4 7 9 . 8 3 2 3
. 0 3 . 0 0 3 7 2 0 . 8 1 5 9 1 2 3 4 8
3 9 . 3 1 6 . 1 1 4 5 9 . 8 3 2 0
a>u
C 0 ^ so}, C l - F - N O  3
CL
COU  *J•h  e  
c  <u














































0 9 8 0 3 1 0 1 . 7 2 9 < . 0 1  2 1 8 9 3 0 0 0 8 . 0  5
0 1 0 5 2 6 1 . 4 . 0 . 0 0  6 1 0 7 7 3 7 . 4  5
1 3 0 3 1 . 9 1 . 5 . 2 5  6 4 4 7 7 0 7 . 5  6
0 1 1 3 2 7 1 . 0 1 . 0 . 0  6 2 1 7 7 6 7 . 1  1
0 7 1 1 8 . 5 . 9 4 3 4 4 7 2 7 . 8 8  7
0 9 . . 8  1 . 2 . 2 . 0 . 0 0  . 1 1  3 8 1 4 4 7 7 . 6  2  —
0 8 . , 8  1 2 . 2 2 1 . 4 4  . 1 5  5 1 6 5 7 5 7 . 7  2
6 1 . 7 7 7 2 3 3 0 2 . 3 1 . 8 2 2 9 9 7 3 0 3 2 8 . 9  7
0 1 8 4 . 3 . 1 1 . 5 . 0 0  . 1 6  3 6 7 4 3 7 7 . 5  2  5
0 3 8 1 1 . 2 . 8 < • 0 4  3 3 4 4 2 4 8 . 1 6  7
0 2 7 3 . 1 . 0 . 8 . 0 0  . 1 2  3 3 7 4 1 4 7 . 4  2
0 1 8 6 3 7 2 . 8 . 0 . 0 0  . 8 2  8 0 0 9 8 6 7 . 6  4
1 8 9 4 1 . 8 3 . 1 1 . 3  7 7 1 9 6 6 7 . 3  6
0 1 6 0 4 3 2 . 0 0 . 1  7 7 5 7 . 9  4
1 7 3 3 8 . 3 3 . 7 1 . 1  7 5 0 9 3 2 7 . 8  6
0 1 8 6 3 8 3 . 6 . 4 . 0 0  . 1  8 0 5 9 9 1 7 . 9  4
1 6 2 3 8 . 3 3 . 7 1 . 2  7 3 4 9 3 2 7 . 6  6
T o w n s h i p / R a n g e  o r  
N e v a d a  C o o r d i n a t e s
S e c t i o n ,
A q u i f e r








H* r-* o to to to to to
r-*
IO H-* r-* r-» P-
>  v ; o P*0Q l O ro VO cr> *vl »-* r-* to tn ro to P '






ro t/» o o p* p* o o tn to P* -o
COre<CD 3  21to i-* r— CO w r-* I-* H* r-*
cn Cl vO r r ' - J O o 00 O ' t o t o t o r-* t oto Ov c
H  t n  r i tn to ■vj t o t n
-  rr o ro ro n ;re c ro tn ro o tn tn tn tn tn o ro to P ' tn
f *  Ou rt vO to O ' I-* p- vO to to P* to 00 to to r-*
vO O ro r-* to to P- P* P* O ' to P* O ' 00 vO jO 1
P- H* 00 I-4 n
n  i*1 O ' P ' r-* »-• ro o *o on  •» 
C  TJ
o O o P ' o r-* 03 tn 03 03 o  ro
r~* rt
to •
rr ♦-* r-* t—1 ro ro h-4 r~* r-4 to •—* ►-* tn to
o>
P- ro
H* t— ro O o vO tn CO •o O ' tn VO r-4 ro O tn
O  P ' 
D -
to I-4 «o O ' P ' to 00 P* to o •o vO
r-4
• H o t-4 to r-»
VO O ' tn p~ tn o tn O ' tn P* o '-J P ' to »—* nO ' VO i-* tn O ro to o to VO 00 to ro to ro
to
tn ■o to ro 00 O '
to O '
i
*-* r-* *o to tn tn O ' ro
O ' tn i
O to O ro to P* to p* o tn
vO r-* to
A








O to "o tn P* o ►o o »P* ro o vO ro o
r-* {>- to
H-* Y-* >-• O
S u m m e d  I o n i c  
C o n s t i t u e n t s ,  p p m
S p e c i f i c  C o n d u c t a n c e  
m m h o  a t  2 5 ° C
L 03
am
C
H
E
M
IC
A
L
 
A
N
A
L
Y
S
IS
 
IN
 
P
A
R
T
S
 
P
E
R
 
M
IL
L
IO
N
